
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : //books . google . com/| 



The Northern Ocean 

Salinity andTemperature 




Hydrographic-biological studies of 
the North Atlantic Ocean and ... 

Haakon Hasberg Gran 



^^o 






'J: 




.3.2044"^06739r648 



C- 7^5h 



W. a. FARI.OW. 




Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Report OP Norwegian Fishery- and Marme-lDYestigations Yol. I 1900 No. 6. 



HTDR06RAPHIC-BI0L06IGAL STUDIES 



OF 

THE NORTH ATLANTIC OCEAN 



AND 



THE COAST OF NORDLAND 



BY 
M. H. GRAN 

WITH 2 PLATES 



•^^1-^ 



KRISTIANIA 

OSCAR ANDERSENS BOGTRYKKERI 

1900 



Digitized by 



Google 



n 



y-^eln 



Digitized by 



Google 



Table of Contents 

Page 

Introduction 1 

I. The North Atlantic Ocean. 

1. Hydrographic investigations 3 

2. Plankton investigations in 1898 10 

II. The Coast-waters of Nordland. 

1. Hydrographic investigations 14 

2. Plankton studies 

Introduction 25 

Biogeographical survey of the most important species 29 

Chlorophyce«e 29 

PlageUata 30 

Bacillariales 30 

Peridiniales • 41 

Protozoa 48 

Copepoda 50 

Other animals 54 

Plankton communities 56 

A. Neritic communities 57 

B. Oceanic communities 61 

Quantitative plankton investigations 67 

The annual periods of the coast plankton 71 

General view of the distribution of the plankton in the summer and autunm 73 

H. Connection between hydrographic and biological conditions 86 

Bibliography • 91 

Hydrographic Tables 

Remarks on the Hydrographic Tables II 

1. North Atlantic Ocean; 1897—98. 

1. Norway to Iceland: March, 1897 VII 

2. Utsire to Jan Mayen; March 1898 : . . . VIII 

3. Norway to Iceland; March, 1898 IX 

4. Bergen to Arctic Ocean; May, 1898 XI 

5. Arctic Ocean to Aalesund: May, 1898 XII 

6 Tromse to Arctic Ocean; April, May, 1898, S.8. Hvidflsken XIV 



Digitized by 



Google 



Page 

7. Tromse to Arctic Ocean; April to June, 1898, S.S. Jasai XV 

a Arctic Ocean; Summer of 1898, S S. Hvidflsken XVI 

9. Arctic Ocean to Tromse; September, 1898, Hvidflsken XVII 

10. Arctic Ocean: Summer of 1898, Jasai XVII 

11. Spitzbergen to Tromse; September, 1898, Jasai XVII 

12. Iceland to North Sea: July, 1897 XVIII 

13. Iceland to Norway; July, 1898 XIX 

14. Iceland to Leith; September, 1898 XX 

II. Observations off the Coast of Nordland I898. 

A. Observations in the West Fiord. 

a. Square and longitudinal section of the Fiord, 15— 27th July .... XXV 

b. Square section of the West Fiord, 3rd August XXVI 

c. Square section of the Fiord, 8th September XXVI 

d. Ofoten and Tys Fiord XXVII 

e. Near Bode ' XXVlll 

B. Bids Fiord. 

a. Section of the Bids Fiord, 29th, 30th July XXX 

b. Section otf the Fiord, 22rd, 23rd September , . . . . XXX 

III. Sections off tlie Eids Fiord. Nordland, 1899. 

a. Section off the Bids Fiord, 4th, 5th July XXXV 

b. Bids Fiord, 19th July XXXVl 

c. Section off the Eids Fiord, 24th, 25th July XXXVl 

d. Bids Fiord 9th -14th August XXXVII 

e. Section off the Eids Fiord, 26th, 28th August XXXVl II 

Plankton Tables. 

Remarks on the Plankton Tables 

I Bergen to Arctic Ocean; May, 1898 

II Arctic Ocean; April— June, 1898 

III West Fiord, Ofoten Fiord, Tys Fiord, 1898 

IV Plankton from Bode, 1898 

V Eids Fiord, July- September, 1898 

VI Investigations in the Fiords of Tromse and Finmarken. 1898 
VU Eids Fiord, 1st ~ 5th July, 1899 

VDI Bids Fiord, 17th— 25th July, 1899 

IX Ofoten Fiord, 28th July, 1899 

X Eids Fiord, August— October, 1899 

XI Here, 1898, (L. Johansen) 

XII Surface-Plankton from Here, 1899, (L. Johansen) 

XIII Plankton from Rest in Lofoten, 1898—99 (J. Nilsen) 



Digitized by 



Google 



Introduction. 

In this paper the results will be recorded of the hydrographical observa- 
tions in the North Atlantic Ocean, which were made in 1898 at the 
instigation of the Norwegian fisheries investigations, under the direction 
of Dr. Johan Hjort, 

They are principally observations of the temperature and salinity of 
the surface at different periods of the year; the material has been pro- 
cured through the kind assistance of captains of private steamers, as will 
be seen from the following pages, where the name of the observer is 
always given. Moreover a series of deep-sea observations has been made 
by Captain Bie, assistant in the investigation, on H. M. S. Heimdal, with 
which, through the kindness of the Admiralty, he was allowed to accom- 
pany the expedition. 

During the last two summers, the present author has examined the 
hydrographic and biological conditions of the sea and the fiords along the 
Nordland coast, with the special object of obtaining a general view 01 
the hydrographic conditions at that season of the year, when the arrival 
of the summer herring takes place. 

Plankton series have been procured for all seasons of the year, by 
the kind assistance of private individuals, from Hero in Helgeland and 
from Rost. 

The first section treats of the obser\^ations taken on steamer routes 
across the North Atlantic; the second section gives an account of the 
investigations on the coast of Nordland. 

On behalf of the direction of the investigations, I beg to thank the 
private and public individuals and institutions, that have contributed by 
their kindness towards the promotion of this work. 



Digitized by 



Google 



Digitized by 



Google 



I. The North flflanfic Ocean. 

I. Hydrographic Investigations. 

Upon the basis of O. Pettersson's and Cleve's epoch-making researches, 
a whole literature has of late years come into existence on the 
subject of the hydrographic and biological conditions of the Norwegian 
North Atlantic. 

One of the most important problems still awaiting its solution, is 
the relation between the east Icelandic polar current on the one hand, 
and the Gulf Stream on the other. 

It is well known that O. Pettersson has advanced the hypothesis 
that in the winter the polar current increases so greatly in extent, that 
in certain years, at any rate, it breaks through the Gulf Stream, and 
pours its volumes of water into the North Sea and the Skagerrak. It 
^as the annual hydrographic changes in the Skagerrak, that suggested 
this idea to Pettersson, and he was confirmed in his view by the fact that 
Cleve [96, 97]* and Aurivillius [96, 98] found arctic plankton organisms 
on the shores of the Skagerrak in the winter. 

The object was thus to investigate the conditions out in the North 
Atlantic itself during the winter. No other investigations had as yet been 
made of that region except the taking of surface-temperatures, which 
Mohn [87] through a series of years had collected with the assistance of 
Norwegian sealers and whalers. By means of these observations, Mohn 
was enabled to construct the chart of the mean temperature of the sur- 
face of the sea in the month of March, which he published in his valuable 

•) The Bibliography is referred to by numbers indicating the year of publication 
of the treatise placed between brackets [ ] after the name of the author. 
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treatise in tiie Report of the Norwegian North Atlantic Expedition (1. c. 
PL XXVIII). 

The first investigations of the salinity in the North Atlantic in the 
winter, were carried out under the direction of Dr. Johan Hjort. Through 
the kind assistance of Norwegian sealers, he was enabled to procure 
material for a hydrographic map of the surface of the North Atlantic 
in March, 1897, which was published in a preliminar}^ account in cNaturem 
{Hjort [97)), and later in a longer treatise by Hjort & Gran [99]. 

This map showed that 0. Petterssons theory was correct in so 
far as the polar current in winter is much greater in volume and extent, 
than had previously been supposed; and that the Gulf Stream was much 
less powerful than it is known to be in the summer. 

On the other hand, it appeared that the Gulf Stream, even in 
March, was powerful enough to form a barrier from the Faroe Isles and 
the Shetland Isles, past the northern pan of the North Sea, so that it 
was not possible to imagine that the polar current could break through it. 
As March is the coldest month of the year in the sea, we thought it 
likely that the polar current in that month would be at its maximum, 
and the Gulf Stream at its minimum, so that it was highly probable that 
at no other period either, of the winter of 1896 — 97, had the polar current 
forced its way into the North Sea. 

Two series of deep-sea investigations right across the North At- 
lantic, which Hjort had carried out on board the corvette Heimdal in 
May, 1896 and 1897, were also of great interest, as they showed that 
the relative volume of Arctic and Atlantic water was different at the 
same period in difl'erent years. While the Gulf Stream in the middle of 
May, 1896, was of great expanse and with a high surface-temperature 
(above 90), in 1897 it was quite narrow, not much broader than in March of 
the same year, and the thermometer did not rise above 7.8^ anywhere. 

The continuation of the investigations was therefore a matter of 
the greatest interest; but unfonunately no winter expedition could as yet 
be sent out with this object, and recourse had to be had to the assistance 
of captains of private steamers. Pettersson has given a preliminary account 
[99,2] of two steamship routes across the North Atlantic in March, 1898. 
One of these shows, that in about 6 5 ^ N. Lat. the Gulf Stream was 
either very narrow, or overflowed by the fresher and colder polar water, 
while both south and north of this, it was more expanded. Pettersson 
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is of opinion that the polar current here has broken through, and that 
earlier in the winter the point where it overflowed the Gulf Stream has 
been situated farther south. 

The Norwegian investigations directed by Dr, Hjort, obtained at 
the same time observations on two steamer routes, S.S Westye Egeberg, 
Capt. £. Tufte and S.S Heimdal, Capt. H, C. Hansen, The latter route 
(Table 3) unfortunately went south of the Faroe Isles to the south of 
Iceland, so far south that it did not touch the polar current. It is there- 
fore of less importance to the solution of the question before us, and 
moreover covers almost the same field in which observations are regu- 
larly made by Danish observers all the year round. 

The « Westye Egeberg's» route (Table 2), on the other hand, is from 
the west coast of Norway straight up to Jan Mayen. The observations 
give the same results as the line mentioned by Petlersson, namely that 
in 65 ** N. Lat. the salinity diminishes to 34.80700, and the temperature 
falls to 4 ^ C. There is thus undoubtedly an admixture of polar water 
here. To the north and south, the surface-temperature exceeds S ^ C. 
and the salinity is more than 35 7oo, thus showing that here the volumes 
of the Gulf Stream flow in a fairly unmixed condition right up to the 
surface. The c Westye Egeberg's* route lies a little to the east of Petters- 
sons line, and that part of it in which the salinity is below 3 5 7oo, is a 
little shorter than in Petterssons. It is, however, so long, that with 
Petlersson I may assume that the layers of arctic admixture were here in a 
line with the sea off the coast of Nordland, and that in 65 *^ N. Lat., the 
surface of the Gulf Stream was broken into. 

Petterssons supposition that the overflowed part lay farther south 
earlier in the winter, so that it has been possible for arctic water to 
enter the North Sea, is a hypothesis which still requires confirmation. 

The results hitherto obtained show however with certainty, that 
early in March, 1898, the Gulf Stream had its weakest point at a latitude 
of about 65 ^ N. 

This was also the case in March, 1897. The surface map (Hjort & 
Gran [99] PL 3) and the tables (I.e. Tab. B IV a, b, pp. 13, 14) shew 
that just about 64 and 65 *^ N. Lat. there was a slight decrease both in 
temperature and salinity. The observations were rather too few to afibrd 
certain proof that the polar current here communicated with the sea along 
the Norwegian coast; but it is not impossible that a communication such 



Digitized by 



Google 



— 6 — 

as this also occurred in March, 1897. On the other hand, the same map 
plainly shows, as we also pointed out, that the polar current does not 
enter the North Sea, but rather forces the Atlantic water into it. 

Even as late as May, in 1898, it may be seen that the Gulf Stream 
has its narrowest point at about 65^ N. Lat. 

The Norwegian investigations have obtained a great many obser- 
vations through the kind assistance of two Tromsc captains, Capt. Fr, 
Svendsen (S.S »Hvidfisken«) and Capt. /. Svetidscn (S.S »Jasai«), and from 
the cruise of the corvette *Heimdal« in the Arctic Ocean, so that I have 
been able to make a map of the surface for the month of May (PI. I). 

Unfortunately there are no observations from the eastern part of 
the North Atlantic, between 64^ and 71^ N. Lat., but it is nevertheless 
sufficiently evident, that the water of the Gulf Stream, with its great 
salinity, occupies a large portion of the surface of the northern part of the 
North Atlantic, while in 64^ N. Lat. it is compressed into a narrower band. 

The Heimdal's course is marked upon the map with a black line, 
the stations of deep-sea soundings with small circles (cfr. Tab. 4, 5). 

The observations in the northern part were taken on sealing expeditions; 
and as sealers prefer to keep near the boundary between the Atlantic and 
the Arctic waters, this part of the map is drawn from ver}- abundant data 
(Tab. 6, 7). 

The map shows that the curves of salinity and temperature do not 
quite coincide. At 63 ^ and 64^ N. Lat. the 35 7oo salinity curve almost 
coincides with the temperature-curve for 6 ® and at 72 ^ and 73 ^ with 
the temperature-curve for 3 ® C. 

The Heimdal's course from Bergen to the Arctic Ocean is of special 
interest, because corresponding observations have been made at the same 
time of year, for the two years preceding (Hjort & Gran [99] Tab. A III, 
V and PI. IV), thus enabling a comparison to be made. The volume of the 
Gulf Stream in May, 1898, had not nearly so great a superficial extent 
as in 1896, but greater than in 1897. With regard to the temperature 
also, 1898 stands between 1896 and 1897; in 1896 the highest surface- 
temperature was 9.6 ^ in 1897, 7.8 ^ and in 1898, 8.3^. In 1898, the 
Atlantic water went closer up to the Norwegian coast than in the two 
preceding years, and it was found nearer the surface. During the latter 
part of the cruise unfortunately, no deep-water investigations could be 
made on account of stormy weather. 
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In 1897, it appeared that the hydrographic conditions in this part 
of the North Atlantic had altered little between the months of March 
and May; the temperature had risen everywhere, but the salinity had 
remained almost unchanged, so that the Heimdal's observation-line in 
May might have been drawn on the surface map for March, without 
essentially disturbing the saline curves. The case appears to be the same 
in 1898, »Westye Egeberg*s« line for the month of March agrees very 
well with the map for May, in tracts where observations are to be had 
for both months. Thus in the spring, from March to May, the Gulf 
Stream has its narrowest point on the surface, at about 65^ N. Lat. 

The abundance of observations recently published from the Danish 
Ingolf Expedition, (Martin Knudsen [98]) shows, however, that the east 
Icelandic polar current can also reach much farther towards the south- 
east in the summer, than was formerly supposed. Even in the months 
of July and August, 1896, water was found with a salinit}^ of less than 
35 7oo in 63^ — 64^ N. Lat. quite as far to the east as north of the 
Faroe Isles, probably still farther (1. c. PI. XXXII). This water had a 
temperature of from 8" to 10® while the volume of the Gulf Stream 
was above 1 1 ^ Both temperature and salinity thus indicate a connection 
with the polar current. On a sketch-map that Pettersson made from the 
results of the Ingolf Expedition, he has drawn the 3 5 7oo curve in such 
a manner that in 65 ® N. Lat., it reaches farthest towards the east, up to 
about 4^ W. Long. (Pettersson [99, i], p. 142, fig. i). 

Similar conditions prevailed in the summers of 1 897 and 1 898. In 
both these years, water-samples were collected and the surface-temperatures 
taken by Capt. L. Tufte on his voyage home from the north of Iceland 
to the North Sea. The results will be found on Tables 12 and 13, a 
graphic representation being moreover given of them on PL II, figs. 1,2. 
In 1897, water of undoubted arctic origin was found on the surface 
as far south as 62^27' N. Lat., 3^18' W. Long.; and in 1898, as far 
as 62^ J3' N. and 4^30' W. It thus seems as if the polar current in 
|uly, 1897, had gone more to the east than in 1898. This is not decided, 
however, as the route in 1898 lay a little more to the south than that 
of 1897. 

On the other hand, it is noticeable, that the temperature in 1898 
is much lower than in 1897. The curve in 1898 for 7® extends down 
to 63** 40' N. and 7® W., and along the entire route no temperature of 



Digitized by 



Google 



— 8 — 

more than 12® is found, until quite in the North Sea. In 1897, the 
7® curve did not reach farther towards the south-east than to about 64^ 
30' N. and 80 W. 

The observations of temperature and salinity instituted by Wandel 
in 1897, on Icelandic and Greenland steamer routes, are, as a rule, 
taken a little more to the south, and have thus rarely met the east 
Icelandic polar current. These observations also show that the surface- 
temperature in the southern part of the North Atlantic Ocean between 
the Shetland Isles and the Faroe Isles, was about i ^ lower in July of 
1898, than in that of 1897. In 1897 it was 12 or 13^ C, in 1898 
10.5 <» or ii.s" C. (Wandel & Ostenfeld [98], PI. I, Martin Knudsm & 
Ostenfeld [99) PI II). 

Thus in July, the polar current both in 1897 and 1898, reached 
farthest towards the east in from 63 to 65*^ N. Lat., as in 1896. This was 
also the case in March and May, 1897 and 1898; in March, 1898, and 
possibly in 1897, it reached so far that it overflowed the Oulf Stream for 
a sliort distance in about 65*^ N. Lat. On the other hand, all observations 
in winter and summer show a high salinity and temperature at the be- 
ginning of the North Sea about the Shetland Isles. Here the Gulf Stream 
with its great volumes of water, forces its way towards the north-east; 
and it is hardly conceivable that the polar current would be able to break 
its way across it into the North Sea. 

According to observations hitherto made, it seems that the polar 
current and the Gulf Stream meet in the summer, farther north. The 
polar current moves in a south-easterly direction and the Gulf Stream 
towards the north-east. 

Little has been ascertained about the result of this collision; but we 
know, that 
(i) In the direction of the Gulf Stream a current continues towards 

the north-east, of which the salinity is considerably less (35.0 — 35.3) 

than that ot the Gulf Stream off the northern extremity of Scotland, 

but which has nevertheless on the whole retained its Atlantic 

character. 
(2) The surface-currents along the coast of Norway generally flow towards 

the N. and N. E. 
(^) The surface-currents along the east coast of Scotland and England 

flow in a southerly direction. 
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(4) In the northern part of the North Sea there are always large volumes 

of water, of which the salinity exceeds 35 o/q©, and which is therefore 

water of Atlantic origin. 

The direction of the Gulf Stream is thus almost exactly followed 
by its continuance in the North Atlantic, and by the coast currents along 
the north of Norway. 

On the other hand, the direction of the current in the north-western 
part of the North Sea, corresponds rather with that of the east Iceland 
polar current. 

It does not, however, follow that the water of the polar current 
moves southwards, and that of the Gulf Stream in a north-easterly direction. 

It is quite as likely that on meeting, the currents intermingle, so 
that both the northward and southward ^flowing water will consist of both 
Arctic and Atlantic water. Neither the Atlantic water covering the sur- 
face of the North Atlantic, nor the waters of the northern part of the 
North Sea have such a high salinity as the Gulf Stream to the west ot 
Scotland. But as a rule, the saHnity in the northern part of the North 
Sea is higher than in the Gulf Stream north of the Shetland Isles, e. g. 
in March, 1897, ^s will be seen from our surface-map and the accompa- 
nying tables (Hjort & Gran [99], PI. 3, and Tab. B III, IV). 

This would therefore seem to indicate, that the Atlantic water 
entering the North Sea, is more unadulterated than that which continues 
northwards, or that the greater part of the east Icelandic polar current 
must unite with the northern branch of the Gulf Stream, and move in 
an easterly direction parallel with the coast of Norway. There are also 
other circumstances which indicate this. 

The direction of the polar current, as may be seen on Petferssan's 
sketch-map, is straight towards Stadt. At this promontory, the Norwegian 
coast turns towards the east, and the boundary between the west and 
north of Norway is placed here. Biologically, too, Stadt forms a clearly 
marked boundary'. Many northern organisms have their southern limit 
just here, and southern organisms their northern limit. This is even 
the case with plankton organisms. As I shall relate at greater length 
in the next section, a community of coast plankton lives north of Stadt 
in the months of March and April, which agrees species for species with 
the Greenland and Spitsbergen coast plankton, while it is ver>^ different 
from that on the west coast of Norway. 



Digitized by 



Google 



— lO — 

On the west coast ot Norway, south of Stadt, are found ahiiost the 
same species as elsewhere in the North Sea and the Skagerrak; but many 
of these species are absent farther north, and others are found in their 
place that otherwise are only found on arctic shores. It must not therefore 
necessarily be supposed that this plankton flora comes in to the coast 
from arctic regions every winter, for instance, by the flowing of the 
east Icelandic polar current over the Gulf Stream, as in March, 1898. 

As they are neritic species that are only found close to the shore, 
and as they all possess the faculty of forming spores, I think it ver}' 
probable that they are stationary, but dwell, during the greater part of 
the year, at the bottom of the sea, in the form of spores. 

Since, however, the ocean fauna and flora north of Stadt have an 
arctic character, while south of that promontory, they are Atlantic, it is 
a priori probable that the hydrographic conditions in the former case 
are more arctic than on the west coast south of Stadt. 

This also indicates, that at any rate the main body of the east 
Icelandic polar current does not come south of Stadt, but moves in a 
northerly direction with the northern bianch of the Gulf Stream. 

This theory agrees, moreover, with the current-map of the North 
Atlantic, which Mohn [87] drew from theoretical calculations (1. c. PI. 
XIV). It is also confirmed by the current-bottles that Wandel (98, 99] 
threw out on the Ingolf Expedition, between Jan Mayen and the north of 
Iceland. Twent}^ floaters were thrown out, of 14 of which reports have 
come in. Nine of them drifted ashore on the coast of Norway, one on 
the Murman Coast, the rest on the Faroe Isles or Iceland. 

Those that came to Norway were all found north of Stadt, one at 
Bud in the Romsdal, immediately to the north of Stadt, the others in 
Nordland and Finmarken. IVandeJ also says ([98] p. 19): »As the 
table shows, the drift of the bottles is on the whole a confirmation of the 
eddy in the North Atlantic demonstrated by Mohn.* 



2. Plankton Investigations in 1898. 

The distribution of the plankton in the Northern Atlantic in 1898, 
is more fully known than it has ever been before, through the careful 
investigations of Cleve [99, i, 2, 3] and Ostenfeld [99]. 
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Two series of plankton-samples, however, collected in 1898 in the 
North Atlantic at the instigation of the directors of the Norwegian 
deep-sea investigations form a by no means unimportant supplement to 
the Swedish and Danish investigations. 

The contents of the first series is given on Table I. Only the vegetable 
plankton has been examined; the animal plankton was, as a whole, poor. 

The samples were taken in May on the »Heimdars« cruise from 
Bergen to the Arctic Ocean. The table clearly shows that the character of 
the plankton is determined by the hydrographic conditions. 

Stations I — III are taken in the coast currents off the west coast 
of Norway ; the salinity is less than 3 5 ^oo- At Station I, the salinity on 
the surface is only 33.02*^/00; the plankton is rich in Peridinia, Cetatium 
tripos, with the variety longipes^ being specially numerous. This sample 
corresponds closely with the type Longipes-plankton, that isalso to be found 
in the first half of the summer on the coasts of Nordland. 

Stations II and III have a different character; it is no longer the 
Peridinia that predominate, but Phaocystis Poucfietiiy and moreover, at 
Station II, the diatom Leptocylindrus danicus, Phaocystis^ at any rate, has been 
very common for some years along the west and north-west coasts of 
Norway, from March to May. On the west coast, it occurred in March 
and April, 1898, in such large quantities, that it stopped up the nets so 
that they could scarcely filter the sea-water. The history of its develop- 
ment and its distribution is not yet sufficiently known to allow of a 
determination as to whether it is oceanic or neritic. It seems, however, 
to keep especially to the coasts. According to Ostenfeld it is found in 
particularly large quantities off the Faroe Isles; Cleve, in his last great 
work [99,1] refers it to the Chato-plankton, Leptocylindrus danicus also 
keeps mostly to the coasts, but in its case also, it is doubtful whether 
it is a t-rue neritic species. It is found in great quantities only in the 
Skagerrak and the Christiania Fiord (cfr. C, G, Joh, Petersen [98], Hjort & 
Gran [99], Cleve [97]). Cleve found it in abundance in a sample taken 
N. of Stadt in May, 1898. 1 have often found it on the coast of Nord- 
land, but always rather scarce. 

As far as I am aware, it is not met with west of Scotland. Its 
centre of distribution thus seems to be the Skagerrak, whence it mav 
follow the coast currents along the shores of Norway. Its occurrence in 
this series also corresponds with this. 
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Stations IV — VII are in the body of the Gulf Stream. The plank- 
ton samples taken here are rather homogeneous, consisting for the 
most part of diatoms, with Chatoccras decipiens as the characteristic 
form. It is the same plankton as that found in the same place in May, 
1896; but is was still more abundant then. In 1897, even in the middle 
of May, it was ver}' slightly developed. The inferior component parts 
are also the same as in 1896 (Chatoceras constrictutn, cinctum). 

The plankton agrees very well with Cleves type, Chato-plankton, 
which in May is thus characteristic of the Gulf Stream to the north of 
the Shetland Isles. 

It is moreover interesting to note, that the abundance of chaeto- 
plankton in the three years, 1896 — 98 is proportional with the extent and 
temperature of the Gulf Stream; the year 1898 comes between the two 
preceding years with reference to the development of the plankton, as also 
in hydrographic respects. There is thus, as might be expected, a close 
connection between the hydrographic conditions and the development of 
the plankton. 

After Station VII, there is unfortunately a blank in the plankton 
series, as the weather was so stormy, that even plankton samples could 
not be taken. The last stations (X — XIII) are all taken in the water of 
the polar current. In the two preceding years, even in May, they were 
very deficient in vegetable plankton; the samples contained only a few^ 
specimens of Calantis hyperboreus and Calanus finmarchicus (cfr. Nordgaard 
[99] Tab. 3). 

The samples obtained in 1898 from the sealing territory, con- 
tained enormous quantities of diatoms, especially Chatoceras criophilutn, 
and, as inferior component parts of the flora, Rhizosolenia semispinal 
Rk. obttisa and Chatoceras atlanticum. This plankton is so charac- 
teristic, that it can hardly be classed under any of Cleve's types. 
It comes perhaps nearest to the Tricho- plankton, with which it also 
corresponds most nearly from a biological point of view. The cha- 
racter alga however, Thalassiothrix longissima, occurs exceedingly rarely. 
The samples correspond closely with Ostenfelds type 4, ^the diatoni 
plankton of the Irminger Seao^ (Ostenfeld (99], p. 8'>), which he found in 
May and June »along the extreme margin of the East Greenland polar 
current from Denmark Strait, past Cape Farewell to the southern end of 
Davis Strait €. Ostenfeld' s samples were taken farther south than mine. 
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Some of them, which have lived in a somewhat higher temperature (up 
to 9 ®) show transitions to the typical Tricho-plankton. The development 
of this characteristic plankton may be traced on Table 2, which shows 
the contents of a series of samples collected by Capt. L, Tufte between 
April and June, 1898, on the sealing-ground between Iceland and Jan 
Mayen* 

The first three samples which were taken N. E. of Jan Mayen, are 
very poor; but the sample of April 29th already shows an abundant 
plankton, consisting for the most part of Coscinodiscus; this and the next 
succeeding samples correspond with Ostenfelcts * oceanic winter planktons, 
which I have moreover termed Disco-plankton. Chatoceras criophilum, atlan- 
ticum and the Rhizosolenia species are however represented even here; 
and they increase in number. A few neritic species appear moreover — 
Thalassiosira hyalina (arctic) and Chatoceras debile (arctic and sub-arctic). 

From the 7th to the i6th May, the plankton is again somewhat 
poorer; the ship had come so far to the S. E., that she was outside the 
distribution-centre of the plankton community ; but in all the last samples 
there are immense quantities of Chatoceras criophilum^ and the Coscinodiscus 
species gradually disappear. As will be seen from the temperature 
observations, all these plankton samples have been taken in arctic water, 
sometimes between ice-floes. Generally the oceanic diatoms develope 
in large quantities only in Atlantic water, or rather on the boundary 
between the waters of the Gulf Stream and the polar current. 

It is also a very pecuUar fact, that Globigerina bulloides occurs so 
regularly, and in no inconsiderable quantities, in such a low temperature 
(and salinit}'). 
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11. The Coast- Wafers of NordlaDd 

I. liydrographic Investigations. 

The first information regarding the hydrographic conditions of the 
coast of Nordland, was published in the report of the Norwegian North 
Atlantic Expedition, by Mohn [87] and Tom0e [80]. 

The results show that the salinity on the surface along the coast is 
less than out in the open North Adantic, but on the whole, greater than 
along the south and west coasts of Norway. Torn0e (1. c. p. 68) states 
that <this dilution of the surface-water on all parts of the Norwegian 
coast is not an3rwhere found to exert a material influence on the surface- 
temperature. The decrease in the amount of salt must be obviously 
ascribed to the influx of river-water, the temperature of which during 
the summer months is relatively high — so high indeed, that the prin- 
cipal coastal current, flowing along the western shores of Norway, has a 
somewhat higher surface- temperature than that observed in its immediate 
vicinity ». 

Mohn further showed that the bottom-temperature everywhere upon 
the coast-banks ofl" Nordland and in the deep fiords was high, often 5 or 
6 degrees, while out in the North Atlantic, ice-cold water is found along 
the bottom. In the West Fiord, the water on the bottom had a tempera- 
ture of more than 6 0, but in mid-water, at a depth of from 40 to 6a 
fathoms, a minimum temperature of 4.5 ^ was found in the summer. 
Mohn also gives two very important series of temperature-observations 
from Lodingen at the head of the West Fiord, in 1889 — 9^ (1- c. p. 91), 
from which it appears that the temperature at the depth of 100 fathoms 
is almost constant all the year round — 6.3^^ to 6.5'\ 
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Gade [94] has since published a report on the temperatures in the 
West Fiord during the Lofoten fisheries in 1891 — 92. The results show, 
on the whole, that at this time of year, there are two essentially different 
strata of water on the fishing-banks; at the top there is cold water to a 
depth of about 40 fathoms, its temperature in January being 4^ or 50, in 
February and March,2 ^ — 4 ®. At a greater depth,^ however, comparatively 
warmer water was found, generally with a temperature of 6® or 7®. The 
boundary between these two layers is as a rule distinct, the temperature 
curves for 4^, 5^ and 6^ lying close to one another; but as a result of 
the currents, this boundary is found at different depths at different times. 

Gade also found that the amount of warmth in the water may be 
different in different winters. In the West Fiord, in 1892, great volumes 
of water were found with a temperature of more than 7®, of which 
there had been no trace in 1891. The maximum temperature was 
generally found about 60 or 70 fathoms below the surface. At greater 
depths, the temperature had again decreased. 

Hydrographic investigations were subsequently made off" the Nordland 
coast in the summer of 1895, ^Y Hjort, and in the winter of 1896 — 97, 
by Nordgaard. The results have been published in two papers by Hjort 
&■ Gran [99], and by Nordgaard [99], These investigations show that 
the salinity is less throughout in the winter than in the summer (cf. 
Hjort & Gran, 1. c. PI. 7, figs, i a, b). In the summer of 1895, Hjort 
found that the curve for 35 7oo salinit}^ went up to from 50 to 70 metres 
below the surface, even in the West Fiord. Above this, the salinity was 
rather less, but still fairly great; and it was only in shallow strata close 
to the shore that it was less than 34 %«• ^^ March, 1896, on the other 
hand, the coast-banks were covered with water of 34 %o salinity, and 
the Atlantic water of more than 35 7no was not found until depths of 
more than .150 metres below the surface. In the West Fiord, moreover, 
there were found rather extensive layers of cold water with a salinity of 
53 and 34^00; these layers might descend to a djepth of more than 100 
metres. 

These investigations of Nordgaard's are especially interesting from 
the light they throw upon Gades results. The volumes of cold water 
that Gade found, correspond to the coast-water with a salinity of from 
52 to 34 7oft» while the warmer water with a temperature of up to 7^ and 
more, is 34^00 water, that has stood in the fiord depths from the autumn. 
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The reason why the boundary' between the strata of water may be so 
clearly defined as Gade and Nardgaard found it to be, is evidently that 
the winter's cold produces vertical circulation in the upper layers, when 
the surface-water cools down. The circulation cannot, however, extend 
down through the 34 7oo salt water with its higher specific gravity ; this 
therefore retains its high temperature, while the coast-water gradually 
cools down from 4.5 " to about 2 ^. 

The temperatures taken by Hjort in July and August, 1895, agree 
on the whole with Mofins results; at a depth of 80 metres, a minimum 
temperature of as little as 4.3 *^ was found in July. 

My own investigations in the summer and autumn of 1898 and 1899, 
were made with the object of acquiring a more thorough knowledge of 
the annual variations in the hydrographic conditions, and especially of 
finding out whether there were any difference from year to year. 

After a few tentative investigations, I chose Eids Fiord in Vester- 
aalen, with its surroundings, as my special field of investigation. It was 
desirable to limit the ground examined, and the Eids Fiord was an 
especially favorable place, as this famous herring-fiord lies directly facing 
the ocean at a place where the Vesteraalen edge goes close in to shore. 
There was therefore an opportunity, even with the limited means at my 
disposal, of obtaining connected series of observations from the very head 
of the fiord right out over the Vesteraalen edge. 

Like most of our fiords, the upper part of Eids Fiord is very deep. 
Abreast of Kvals0en, at the hydrographic station E2, the depth is over 
230 metres. The fiord is shallower at its mouth; but the bar 
which shuts off" the inner basin from the depth outside, is scarcely 
anywhere less than 100 m. below the surface. Outside the fiord itself, 
in the sound between B0 church and Hadseloen, there is another depression, 
whose deepest part forms an enclosed hollow; its depth is more than 
200 m., while all round it is scarcely more than 150 metres. I have 
here placed the hydrographic station Ea. The next station, E4, lies just 
outside the belt of islands, 4 miles to the west of GaukvaBr0. Here too, 
the depth is more than 200 metres, as there is a small depression in the 
coast-banks, which are elsewhere from 100 to 150 metres below the 
surface* Es lies in the middle of the banks, near a well-known fishing- 
ground — «Skallen», and Ee is just off the Vesteraalen edge, which is here 
30 or 40 miles from land. 
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The results of the investigations will be found in the hydrographic 
tables, pp. XXX — XXXVIII. The salinity of the water is great and very 
uniform; both in the summer and autumn, the fiord was filled with water 
with a salinity of 34 — 35 ^oo and the layers of water moving over the 
coast-banks are also, for the most part, within the same limits of salinity. 
Only out by the edge is the Atlantic water with more than 3 5 7oo salt 
found up to 30 or 40 metres below the surface; and upon the banks 
themselves, it seems to cover the bottom from a depth of about 150 
metres. 
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Fig. I. Section from the Vesteraalen edge to the Eids Fiord. 

Coast- water of less salinity than 34700 is rarely found; only at the 
very head of the fiord did it occasionally in the spring form deep layers. 
The lowest observed salinity was 32.24 ^oo. The temperature, on the 
other hand, varies much more than the salinity. 

During the first few days of July, 1899, a series of observations 
were made from Eids Fiord to the Vesteraalen edge, as will be seen from 
the hydrographic tables Ilia, p. XXXV, and in the accompanying fig. i. 
The salinity throughout is between 34 and 35^00 J ^^^ o" the edge, 
there is 35 ^oo water from a depth of 40 metres downwards, and a 
little was also observed deep down at Station E4. Water with 33 700 
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salt was found on the surface from Station Es inwards; and at the inner- 
most station, Ei, abreast of Sildpoilen, it goes to the very bottom, to a 
depth of 70 metres. 

The distribution of temperature is very peculiar. The summer 
warmth has not yet penetrated to any great depth; even at a depth of 
.10 metres, the temperature is generally under 10®. But out on the 
edge, the water is comparatively warm, and the lowest observed tempera- 
ture here is 6.1^, at a depth of 150 metres. Farther in towards the 
land, the water is generally colder. The lowest temperature observed is: 

At Station Es 6.00 ^ depth 50 metres. 

— Ei 5.20 **, » 100 — 

— Es 4.38 ^, » 120 — 

— E2 3.73 ^, » 200 — 

— El 4.08 *^, > 70 — (bottom) 

The minimum temperature thus becomes lower throughout with 
the increasing proximity to land, and it is found at greater and greater 
depths, until, at the head of the fiord, it is on the bottom. In other 
words, in the fiord there are great quantities of cold water, that must 
have been lying there fi-om the winter and spring, while out on the banks, 
mer water has flowed in. This is a phenomenon with which we are 
also acquainted in other fiords, e. g. GuUmare Fiord in Sweden 
[Pettersson & Ekman [91]), and in the Christiania Fiord and others in 
southern Norway (Hjort & Gran [00]). In the fiords that have great 
basins in their upper part, much deeper than the lower part, it is 
especially the deeper volumes of water that stagnate, because the bar 
at the mouth of the fiord cuts them of[ from direct communication with 
the ocean outside. It will be seen, however, that the cold water in 
Eids Fiord is not only found in the deep, shut-ofl^ basin. In the upper 
part of the fiord, the curve for 5 " goes up to 40 or 50 metres below 
the surface. The explanation of this circumstance is that even the upper 
strata in the fiord are only slowly carried away by the currents which 
bear the warmer water northwards. 

The cold water in the fiord possesses a very abundant and charac- 
teristic northern plankton, consisting of Calanus jimnarchicus^ C. kyperboreuSy 
Spadella hamata, Ctenophora and a few northern Peridinia (Langipes-plankton). 
Outside the fiord, the plankton has a more southern character. 
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The coast currents seem to be most powerful on one side quite 
out on the edge (Ee), and on the other side just outside the belt of 
islands (E4). At these two places, the temperature-curves turn somewhat 
downwards, and there are greater volumes of heated water than in the 
middle of the coast-banks and in the fiord. This is still more evident 
from the series of observations that were taken later in the summer. 

On July 24th and 23th, the conditions have changed somewhat, as 
will be seen from the hydrographic tables on pages XXXVI & XXXVII. 
It is true there is still a considerable quantity of cold water in the fiord, 
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but less than there was 3 weeks earlier. The minimum temperature at 
Station E2 is no longer on the bottom, but at a depth of 100 metres; 
and at a depth of 200 metres, the temperature has risen from 3.73® to 
5.3 5^ and the salinity from 34.19700 to 34.64700. Considerable volumes 
of water have thus flowed in along the bottom of the fiord; and the 
same temperature and salinity that is now found at a depth of 200 
metres in the middle of the fiord (Es), was found 3 weeks earlier at the 
mouth of the fiord (Es), at the same depth. At the mouth too, the 
salinity at the bottom has increased (from 34.64 to 34.83 7oo). The 
volumes of cold water must have been forced upwards and outwards; a 
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tendency towards a movement of this kind is already visible in the 
direction of the temperature-curves on the 4th and 5th July (fig. i). 

The plankton in the fiord still has a northern character, but in 
actual numbers is much less than 3 weeks previously. There is no doubt 
whatever that a large proportion of the northern organisms have moved 
out with the cold strata of water. 

The next connected series of observations were taken between the 26th, 
and 28th August (see fig. 2 and p. XXXVIII). In the north of Norway, 
August, 1899, was a co(d month, with much bad weather and violent 
souih-westeny storms. This was probably the reason ot the comparatively 
low surface-temperature out on the coast-banks. The temperature on the 
surface has fallen since the last investigation, but the total amount of 
heat in the water has nevertheless considerably increased ; the temperature 
curve tor 8** lies throughout at a depth of 50 metres, or even deeper. 
Out on the edge, there are numerous oceanic organisms of southern 
origin. In the fiord there is still a minimum temperature at a depth 
of 100 metres; the lowest temperature is now 5.1^ as against 4.4® in the 
preceding month. At a greater depth than 100 metres, however, the 
situation is to a certain extent unchanged, both as regards temperature 
and salinity, and no fresh inflow seems to have taken place along the 
bottom. 

The surface strata, on the other hand, have changed their character. 
The salinity has diminished, and the amount of heat has increased; and 
the plankton has a more southern character. The heated surface-layers 
in the shore-currents appear to have forced their way into the fiord, and 
to have remained there for a time, while colder water has taken their 
place out upon the banks. 

In 1898, two series of observations were taken in Eids Fiord which 
may supplement the results of 1899. On the 29th and 30th July, the 
fiord was examined from Station Es upwards, as will be seen from the 
tables on p. XXX, and on PL II, fig. 3. The conditions correspond, 
on the whole, with those found in 1899 at about the same time (July 
24 & 25). 

The second series of observations, taken on the 22nd and 23rd 
September (pp. XXX & XXXI and PI. II, fig. 4), shows greater deviation 
from 1899. It will be seen that the temperatures in September, 1898, 
are on the whole as high as, or higher than, those in August, 1899. 
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The heated volumes of water often extend to a great depth, greatest of 
all just outside the belt of islands, where I found 9.9 ^ down to a depth 
of 100 metres. In the fiord, the salinity at the bottom is great 
(34.89700 or more), and the temperature above 6'^; nor is any minimum 
temperature ol less than 6 ^ found at any other depth. The cold water 
of the winter is thus now completely driven out. On the other hand, 
there is now in the fiord a maximum temperature (10.33 ^ ^^ ^ depth 
of 30 metres) that is a remnant of the summer, while outside the water 
is colder. 

Later in the autumn, the temperature is gradually equalised. The 
water cools from the surface downwards, and the salinity is so uniform, 
that it cannot hinder the vertical circulation occasioned by the cooling 
down. Unfortunately the observations for the last three months of the 
year are very few in number, but the few there are indicate that there 
must be a strong vertical circulation, which equalises differences in both 
temperature and salinity, and gradually produces the uniform layer of 
cold water, that is known through Gades and Nordgaard's investigations. 
This uniform layer does not, however, as a rule go to the very bottom; 
in the winter it rests upon a warmer stratum, of which the safinity is too 
great to allow of the vertical circulation penetrating farther down than to 
its uppermost limit, and the temperature as a rule is above 6 ^. 

The remaining investigations made m the West Fiord, in Tys Fiord 
and Ofoten, on the whole confirm the general rules that may be educed 
fi-om the observations in Eids Fiord. I shall therefore not describe the 
results in detail, but refer to the tables (pp. XXV— XXIX). I will 
here only lay stress upon the fact that in the early part of the summerf 
in ,the West Fiord also, there is^a minimum temperature at a depth of 
80 — 120 metres, of less than 6^*, as Mohn also found. At a depth o 
200 metres, on the other hand, the temperature was always 6 " or more. 
In this circumstance, the wide, funnel-shaped West Fiord differs from the 
Eids Fiord, which is a typically narrow, groove-like fiord. As already 
mentioned, Mohn has also stated that the temperature in the West Fiord 
at a depth of 100 fathoms, remains at a little above 6^ all the'year round. 

Table e, on page XXVIII, shows how the hydrographic changes take 
place in the upper strata among the islands in^the belt, oft Bod0. It 
will be seen that the heated surface-layers, containing comparatively little 
salt, are here fairly deep. On account of the current, and by the inter- 
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mingling of the layers of water, the heat of summer penetrates deeper 
than in the open sea, and deeper than in the fiords. The same circum- 
stance is known in other places, e. g. the Skagerrak. In October, the 
cooling down and the vertical circulation have begun. 



Is there any essential difference in the hydrographic conditions in 
different years? We still have too little material for the solution of this 
question. Gade's investigations show% however, that there were rather 
great differences between the winters of 189 1 and 1892; but as investigations 
were not made at the same time out at sea, nothing can be said as to 
the reason of this difference. 

The summers of 1898 and 1899 seem to have passed in a some- 
what similar manner as regards hydrographic conditions. That of 1898, 
how^ever, was considerably warmer, and the autumn came in the sea, in 
1899, almost a month earlier than in 1898. 

In the summer of 1895, according to Hjortj investigations, the salinity 
was greater throughout than in 1898 — 99. Atlantic water with a salinity 
of more than 35 %o was even found in the West Fiord (Stations 17 — 19) 
up to between 60 and 80 metres from the surface; and the temperatures 
at the same time were remarkably low, even less than 5 ®. In 1898 — 99, 
I found nothing answering to this. Over the Vesteraalen edge, Atlantic 
water was found regularly from about 30 metres below^ the surface; but 
in the West Fiord, and on the coast-banks near the shore, the curve 
for 35 7oo salinity never lay higher than 150 metres. I never, moreover, 
found Atlantic water with a lower temperature than 6 ^. 

It thus seems possible that, from a hydrographical point of view, 
there may be an essential difference between the various summers, and 
that the periodic development of the plankton may take a different course. 
But this circumstance must be examined into more closely. Hjort educes 
the rule, based upon his own and Nordgaard's investigations, that the 
Atlantic water rises much higher towards the coast in the summer than 
in the winter; but my investigations in 1898 — 99 show that the difference 
is at any rate not especially noticeable ever}' year. This rule therefore, 
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does not appear to be so generally applicable on the coast of Nordland 
as farther south. 

The general results of the hydrographic investigations may be summed 
up in the following manner: 

1. The coast-banks off the coast of Nordland are covered in the 
summer and autumn by water of which the salinity is between 34 
and 35^/00. Water with a greater salinity is only found deep down, 
from 100 metres downwards. Out on the edge, however, where 
the banks slope down towards the depths of the North Atlantic, it 
goes almost up to the surface. 

This water is in constant motion, principally in a northerly 
direction. In the summer, it carries with it southern organisms. 
The movement seems to be most marked out on the edge and in 
by the belt of islands, where the heated layers of water are gene- 
rally deeper than in other places. 

Where the water comes from cannot be decided on the basis of 
purely hydrographic researches. It is possible to imagine five chief 
sources that perhaps each, to a greater or less extent, assist in 
determining the character of the shore- water (i) the North Sea, 
especially the shore-current along the west coast of Norway, (2) 
the Gulf Stream, (3) the east Icelandic polar current, (4) fresh water 
from the coast itself, and (s) the shore-current from the north- 
east, from the Arctic Ocean (?). 

The biological investigations here give a few hints, concerning 
which, see the last section of this paper. 

2. The waters of the fiords are carried along with the movement of 
the shore water, but much more slowly than the latter. The cold 
water which collects in the fiords in the winter and spring, partly 
by being conveyed from without, partly by cooling down on the 
spot, remains far on into the summer, and produces a temperature- 
minimum of from 4 to 6^ at a depth of about 100 metres, or 
even more. In the course of the autumn, this cold water is 
dislodged, partly by in-flowing currents along the bottom, partly by 
warm surface-currents. In the autumn a temperature maximum is 
gradually formed in the fiord by water left from the summer. This 
maximum may be perceptible all through the winter, as Gade's 
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investigations show*. In the winter there are deep layers of water 
in the fiords, with a salinity of from 33 to 34 %o. 

3. The periodic changes in the hydrographic conditions ol the coast- 
water do not take place in quite the same manner every year. The 
reason of these differences has not yet been explained. 



*) Nordgaardy in a preliminary report [00], has recently described some fiords, 
which in winter are filled with cold water layers right to the bottom (e. g. 
Sjomen Fiord. 0gs Fiord). 
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2. Plank^ton Studies. 

Introduction. 

Recent investigations of the organisms of the ocean have taken 
two essentially different directions. 

German and English naturalists have taken up the various sides ol 
the question raised by Hensen, as to the actual amount of organisms 
in the ocean, the ability of the various ocean territorities to produce 
organic matter, and the general vital conditions of the organisms. 

Cleve^ and after him other Scandinavian investigators (AurivilliuSy 
Ostenfeld, C. G. Joh. Petersen) have investigated the distribution of the 
plankton organisms mainly from this point of view, namely, that their 
occurrence can serve as a guide in determining the origin of the water- 
strata in which they live. 

Both these branches of research, if the questions are to be solved, 
require a ver}' great number of investigations to work upon. It is 
necessary to know the biological conditions of the various species; and 
one of the most important questions is how far the organisms can 
maintain life and multiply, while the water is moving and gradually 
changing its hydrographic character. 

The various investigators have expressed themselves, with regard to 
this question, in various ways. Cleve has started by taking for granted 
that the character of the plankton is preserved during the movement of 
the ocean currents, and that when two ocean regions have the same 
plankton organisms, they must be connected by currents. In his latest 
works, however, he appears to have modified this view somewhat. 

C G. Joh, Petersen [98] has demonstrated, on the other hand, that 
the plankton of a flowing volume of water may be greatly changed 
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during its movement, even in very short distances, especially in the vici- 
nity of the shore. SchM [92, 93] had also previously expressed the idea 
that confined ocean regions retain their characteristic plankton flora, al- 
though the water is in constant motion, and although the floras where 
the current comes from, and where it is flowing to, are quite different. 

These and other similar questions cannot be settled until very 
thorough investigations have been made regarding the distribution of the 
plankton organisms at all seasons of the year. The numerous facts 
brought to light by investigations in the Skagerrak and the North Sea by 
CJeve [97, 99, 3, 00] and Aurivillius [98], and in the North Atlantic 
between Scotland, Iceland and Greenland by Ostenfeld [98, 99], are there- 
fore of the greatest' possible importance. Some of the samples examined 
were taken by steamers, which traverse long distances in a short time, so 
that almost simultaneous observations could be obtained over a wide extent 
of ocean. It has therefore been in some measure possible to construct 
charts of the distribution of the plankton on the surface at a given time. 

But besides investigations of this kind over extensive regions, it is 
necessary to carry out systematic investigations ol limited ocean areas, if 
possible at all seasons of the year. Such investigations are most 
conveniently carried on near the shore, and it is moreover especially 
important to understand clearly the relation between the plankton of the 
coast, and that of the open sea. 

Have the various coast-waters each their stationary plankton, or are 
the numerous small organisms that directly or indirectly afford nourish- 
ment to our fish, only to be regarded as visitors from the open sea.*^ 

As I had undertaken to institute hydrographic biological investigations 
on the coast of Nordland during the summer-herring fisheries, I made it 
the principal aim of my efforts to bring a contribution to the solution of 
this last question. According to the now generally accepted view, based 
upon G. 0. Sars's investigations, the summerherring resorts to the coast 
in the summer and autumn to feed on the plankton that is then found 
in abundance on the coast-banks. This theory has not, indeed, been 
proved, but it is the only one that has hitherto been broached with good 
grounds. Whether it is correct or not. it will be interesting to investigate 
the conditions for the occurrence of the abundant coast-plankton 
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One of the most important contributions towards the settlement of 
the question as to the relation between the pelagic fauna and flora on 
the coasts, and those in the open sea, is Aurivillius' s detailed treatment 
of the subject of the plankton of the Skagerrak. He has examined the 
plankton at all times of the year, and compared samples taken outside 
the belt of islands, with samples from the islands and the fiords, compared 
the surface-plankton with the plankton of the deeper strata. He has 
arrived at the conclusion that the plankton organisms of the Skagerrak 
are partly endogeneiic species, which remain there all the year round, 
partly allogenetic species, which come in from other seas, the Baltic, the 
North Sea, or the Atlantic. The allogenetic species are partly of southern, 
partly of northern origin, and Aurivillius has also put forward theories as 
to the ocean regions from which the several species probably come. 

The dividing line between the allogenetic and the endogenetic 
species is not, however, quite clear. The writer states, for instance, with 
regard to Calanus finmarchicus, that it is found in the open Skagerrak 
all the year round, both at the surface and deep down; in the fiords and 
on the coast it is only met with on the surface during the cold months 
(September to June), but all the year round in the deeper strata. 

Aurivillius concludes, with reference to this and a few other species, 
that »ein geringes Procent gewisser Arten in tieferen Schichten fortlebt, 
vielleicht auch dort sich vermehrend, wahrend dass aber deren Hauptmasse 
jahrlich wieder von der Fremde aus herbeigefuhrt wird« (1. c. p. 19). 

The allogenetic species, which for the most part come from the 
open sea, constitute according to Aurivillius, a very large proportion of 
the total amount of plankton. 

From my own investigations of Norwegian and Greenland plankton 
diatoms [97, i, 2, 3], I came to the conclusion that these organisms may 
be most naturally divided into holoplanktonic species, which spend the 
whole period of their existence in a free-floating condition, and meroplanktonic 
species, which may or must go through a developmental stage on the 
bottom, generally in shallow water along the coasts. It naturally follows 
that the meroplanktonic species have their centre of distribution along the 
coasts, while though the holoplanktonic species are found most abundantly 
in the open sea, they can yet develope along the coasts. 

The expressions « holoplanktonic* and « meroplanktonic » were in- 
troduced by Hdckel [90]. He was also the first to distinguish between 
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oceanic and ner'Uic vspecies. The latter expressions have lately come into 
more general use, as they are shorter. The oceanic species correspond 
very closely with the holoplanktonic, and the neritic with the mero- 
planktonic; but the conceptions do not entirely coincide. It is quite 
possible, for instance, to imagine neritic species that are independent 
of the bottom throughout their existence, and are thus holoplanktonic. 

The boundary between oceanic and neritic is much more difficult 
to fix, than that between holoplanktonic and meroplanktonic. There is 
a multitude of species that are found both in the ocean and along the 
coast. It is therefore to be regretted that the easier, but vaguer names 
have taken the place of the more exact expressions. 

In employing, in the following pages, the same designations as 
other writers (Cleve^ Ostmfeld), I will only remark that all the oceanic 
species are independent of the bottom^ while most of the neritic species are 
connected with it at some period of their existence. 



Nordland, as indeed the whole coast of Norway, has been carefully 
investigated as regards Crustacea, by G. O. Sars; but except for this, 
there have hitherto been few systematic plankton investigations. In the 
summer of 1895, ^jort collected a number of samples, of which I have 
myself examined the botanical contents (Hjort & Gran [99], Tab. I). 
Nordgaard has also collected numerous plankton samples, especially from 
Lofoten in February, March and April, 1896 and 1897; the animals in 
these have been worked up by Notdgaard himself ([99], Tables i — 3), the 
plants by me (Hjort & Gran [99], Tables 5, 6 & 8). 

After examining these samples, I came to the conclusion that the 
coast of Nordland was very deficient in neritic algae, as compared with 
the shores of the Skagerrak and the North Sea. I tried to explain this 
by the fact that there is very little shallow water round the coast of 
Nordland, in which the meroplanktonic species can rest during unfavorable 
conditions (Hjort & Gran, I.e. pp. 15, 16). The sea was sometimes, 
nevertheless, fairly rich in plankton. The species of diatom that sometimes 
appeared in especially large numbers, was Rhizosolenia alata, and of Peridinia, 
Ceratium tripos with its varieties. 



Digitized by 



Google 



~ 29 - 

Plankton samples have moreover occasionally been collected on 
Swedish arctic expeditions also on the coast of Nordland. They are 
mentioned in Cieves and Aurivillim's works 



As I wished to ascertain which species belong to the coast waters, 
and which come from without, my course of procedure was to investigate 
the distribution of the plankton by connected series of observations, from 
the fjords, and as far out from the coast as possible, and at various 
depths, just as in the hydrographic investigations. Observations of this 
kind were repeated during the time of the investigation as often as was 
considered necessary in order to see how the occurrence of the species 
varied in the course of the summer. In this way, a general view is 
obtained of the occurrence of the species in the summer and autumn, 
when the plankton contains the greatest abundance both of species and 
individuals. 

From the winter and spring, in addition to Nordgaards former 
investigations, I have only the samples that have been collected by private 
individuals all the year round on Hero in Helgeland, and at Rost in Lofoten^ 

Before going on to the general results, I will give a survey of the 
most important species, and state the manner in which, according to my 
own and previous investigations, they occur on the coast of Nordland. 



Bio-geographical survey of the most important species. 

Chlorophyceae. 

Halosphcera viridis, Schmitz, is found all along the Norwegian coast, 
especially in the winter. It is probably distributed at any rate along the 
whole coast of Europe. Its developmental history is as yet imperfectly 
known. Schmitz has observed zoospores, and Cleve a kind of cyst- 
formation. 

In Nordland it appears as early as the latter end of August in 
considerable quantities, and in September constitutes a large .proportion 
of the plankton collected. It is found earliest at the stations farthest out, 



Digitized by 



Google 



— 30 - 

subsequently near the shore, but not very numerous in the fiords. This 
should indicate that to some extent, at any rate, it comes in to the coast 
from without, and it may be regarded as certain that it is not a native 
ol the fiords. 

Halosphara may be found on the coast of Nordland until late in 
April, perhaps even longer; it will easily escape notice in less perfectly 
preserved samples. It appears to have its maximum in the last 4 months 
of the year, a circumstance which gives it a. peculiar position among the 
plankton organisms, as this season of the year is otherwise very deficient 
in plankton. 

Flagellata. 

Phaocystis Poucheiit\ (Har.) Lagh. appears along the coast at the 
time when the surface-water is at its minimum of temperature. It may 
dften be found in great quantities, so that the colonies can easily be seen 
with the naked eye down in the sea, and so that with its mucilage it 
stops up the plankton nets. But its period of vegetation with us is a 
short one. In Nordland it is found from the middle of March to the 
end of May, with its maximum in April. According to Cleve [99, i], it 
is also found off Spitsbergen in the hottest part of the summer. 

It is not yet easy to decide where this organism has its distribution- 
centre Cleve classes it with his type Chaeto-plankton, thus making it an 
oceanic organism; but up to the present, at any rate, it has been found 
in greater quantities along the coasts than in the open sea. 

BaciUariales 

Up to the present, there have been found no less than 50 different 
species of plankton diatoms on the coast of Nordland; but many of these 
are very rare, and only a very few appear in sufficient quantities to give 
their character to the plankton. 

Oceanic species, 

Of these 50, 22 are oceanic, holoplanktonic species, which do not 
form spores, namely: 

r. Chatoceras atlanticum, CI. 
2. — boreaUy Bail. 

V — criophilum, Castr. 

4. — decipiens, CI. 
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5^ Corethron hystrix, Hensen. 

6. Coscinodiscus concinnus, W. Sm. 

7. — oculus iridis, Ehr. 

8. — radiattis, Ehr. 

9. — stellaris, Roper. 

10. Daciyliosolen mediterraneus, Perag v. tenuis, CI. 

1 1 . Guinardia flaccida, Perag. 

12. Nitzschia delicaiissima, CI. 

13. — striata^ CI. 

14. Podosira subHlis, Ostenf. 

15. Rhizosoltnia alata^ Btw. 

16. — obttisa, Hensen. 
ly — semispina, Hensen. 

18. — Shrubsoleiy CI. 

19. — Stolterfothii, Perag. 

20. — styliformis, Btw. 

21. Thalassiothrix Frauenfeldiiy Grun. 

22. — longissima, CI. & Grun. 

The number is quite a large one; on the coast of Nordland, we 
find almost all the oceanic diatoms that are natives of the North Atlantic. 

I will make a few brief remarks on each species, taking them in 
their alphabetical order. 

1. ^Chatoceras atlanticum, CI, is a rare visitant on the coast of 
Nordland. 1 have only found it in a few samples irom 0x Fiord in 
Finmark, in which Rhizosolenia data predominated (Table VI), and in a 
sample that Nordgaard took in March, 1896, several miles outside Lofoten. 
It has, in addition to this, a wide distribution, so that no conclusion can 
be drawn as to whence it has come. 

2. Chatoceras boreale, Bail., is also surprisingly scarce in the north 
of Norway. While on the shores of the Skagerrak and the North Sea, 
it is so common that in longer hauls, at any rate, the net is scarcely 
ever taken up without finding a specimen of it, in Nordland it is rather 
rare.' It appears to be more frequent a little farther out h-om the coast, 
and it may also occur in the fiords. 

3. Chatoceras criophilum^ Castr., is seen much more frequently. In 
Eids Fiord it was found in considerable quantities during the first half of 
July, 1899; but the specimens were unusually small, and the chains were 
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to some extent broken up into single cells. Later in the summer (26th 
August), it disappeared almost entirely from the fiord, but vigorous specimens 
of it were then found out on the Edge («Vesteraalseggen»). In the Ofoten 
Fiord, which is very much deeper, it was still found in large quantities on 
the 28th July, but here too, narrow, stunted specimens. Although this 
species is an oceanic organism, it is still possible that certain members of 
it may remain in the deep fiord all the year round. In this way, it was 
found by Nordgaard at Liland in Ofoten, on the 24th February, 1897, and 
in several places in the West Fiord in the months of March and April. 

4. Chatoceras decipiens, CI., is one of the most common diatoms 
on the coast of Nordland, and perhaps in the northern Atlantic as a 
whole. Out in the open sea, it sometimes appears in such great quantities 
that it forms an almost uniform «Chaeto-plankton». Along the coast it 
occurs as a more or less subordinate constituent, but it is seldom altogether 
absent. It sometimes appears in abundance in the fiords in the spring, 
together with the preceding species; and when an abundant diatom plankton 
is found out on the banks, Chatoceras decipiens appears as one of its 
principal component parts. It is found at all seasons. It is therefore 
probable that it stays both along che coast and in the fiords all the year 
round ; but it is nevertheless quite possible that the stock may sometimes 
be replenished from without, though nothing can as yet be said with 
any certainty about this. 

5. Corethron hystrix, Hensen, is found only in small quantities in 
Northern Norway, and especially at the outside stations. Cleve found 
it in oceanic samples as far north as Spitsbergen in the summer of 1898. 
He classes it with the Styli-plankton, and this agrees, too, with its appearance 
along the Norwegian coast. It must here then be looked upon as a 
visitant of southern origin. 

6. Coscinodiscus concinnus, W. Sm., is found on the coast of Nordland 
all the year round, but only in small quantities. 

7. Coscinodiscus ocnlus iridis, Ehr. is scarcely found in Nordland in 
the summer; but in the winter it is not uncommon. It constitutes an 
important part of the oceanic winter plankton (Disco-plankton), which has 
a very wide distribution in the northern Atlantic during the cold season. 

8. Coscinodiscus radiatus, Ehr., may occur at all seasons of the year, 
but always in small numbers. It is most conspicuous in the winter, w^hen 
it is found together with the preceding species. 
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9. Coscinodiscus stellariSy Roper, is not iound in the summer, but 
in the winter it occurs together with the two preceding species as 
constituents of the scanty Disco-plankton. 

10. Dactyliosohn mediterraneus, Castr. v. tenuis^ CI. This species 
has an occurrence on the coast of Nordland similar to that of Corethron 
hystrix. It is rare, and is generally found at the outermost stations, and 
especially during the warmest months, August and September. Like 
Corethron it must be regarded as a visitant from southern seas. 

11. Guinardia flaccida, (Castr.) H. Perag., occurs in the same 
manner as, the foregoing species. 

12. Nitzschia delicatissima, CI. This peculiar little diatom sometimes 
occurs in Northern Norway in enormous quantities, so much so that it 
quite imparts its character to the plankton. It appears to reach its 
maximum during the first half of July. It is not found at all in the 
fiords, or at any rate in very small numbers. It is most numerous in 
the belt of islands and just outside; farther out from the coast, it again 
decreases in quantity. 

Nitzschia delicatissima is stated by Ostenfeld [99], p. 83, to be a 
characteristic form in the « oceanic spring plankton* which is found <in 
the North Atlantic from April to June, and in the Irminger Sea in Au- 
gust*. Cleve had previously considered it as a characteristic form in the 
Tricho-plankton. In his latest work [99, 2] p. 806, he concludes from 
its occurrence in 1898, that it « belongs to the Irminger Sea, and spreads 
from the south of Iceland towards the Faroes and into Denmark Sound*. 
In 1898, Cleve had not found it east of the Faroe Isles. 

On the coast of Norway, it has previously (Hjort & Gran [99]) 
been found in great quantities by Hjort at Marstenen near Bergen on June 
26th, 1895, and off R0st on July 9th, 1895*, ^"^ by Capt. 5. MUller 
outside Hustadviken in Nordmore, June 13th, 1896. In 1898, it was 
found, moreover, in great quantities in the fiords in the province ot 
Troms0 in October, and in 1899, at Rost and outside the Eids Fiord 
in July. 

It is not probable that this alga is stationar>^ on the coast of Nord- 
land. There is much that goes to prove that it comes in to the coast 



*) It was overlooked in the examination of this sample, and therefore not inclu- 
ded in the table. 
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in May, when the oceanic spring plankton (Chaeto-plankton) is not yet 
dislodged from the northern Atlantic by the warmer Sty li- plankton. It 
may have remained and multipHed close to the shore for some little time 
beyond the spring, while at the same time more southern forms have 
already obtained the supremacy out on the banks. 

13. Nitzschia seriata, CI. (incl. N. fraudulenta, CI.), is seldom ab- 
sent where the foregoing species appears in large quantities. But it also 
occurs at various times of the year, seldom in any quantity, but never- 
theless with tolerable regularity. It is therefore not improbable that at 
any rate certain individuals keep to the coast all the year round, in 
the same manner as Chatoceras decipiens, but in smaller numbers. 

14. Podosira subtilis, Ostenf, I have found in a few samples, 
especially from the more distant stations outside Eids Fiord, in August 
and September. Judging from its occurrence in Nordland, it is of 
southern origin, and comes under the head of subordinate constituent 
parts of the Styli-plankton. This also agrees with Ostenfeld's statements. 

15. Rhizosolenia alata^ Brightw. (incl. var. ^racillima, CI.) appears 
on the coast of Nordland in greater quantities than any other diatom, 
probably, indeed, in greater numbers than any other organism. It is the 
characteristic form in the plankton, and in the warmest months (July — 
October) fills the sea upon the coast- banks. In July it appears in greatest 
abundance some miles from land; but in the latter half of August, it 
fills the sea right in to the belt of islands, while at the same time an 
active auxospore formation is going on. The species does not often go 
into the deeper fiords, however. I have only seen one exception to 
this, namely, when in October, 1898, it was found in great quantities in 
0x Fiord in Finmark, where there was simultaneously an abundant 
influx of herring, while the herring-fisheries everywhere else were little 
short of failures. 

Rhizosolenia alata is common along the whole coast of Norway, and 
in the Skagerrak and Kattegat right into the Baltic, where Schiitt has 
investigated its auxospore formation. Through his investigations of the 
Skagerrak, Cleve [97] came to the conclusion that it belonged to the Tri- 
pos-plankton, the plankton of the Baltic current. In a later work [99, 
i], he refers it to the Styli-plankton, that is to say the summer plankton 
of the Gulf Stream. The last theory agrees well with the appearance 
of the species on the coast of Nordland ; it almost always occurs together 
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with Rhizosolenia siyliformis and several other southern oceanic organisms, 
which have nothing to do with the Baltic current. But on the other 
hand, I have received the impression that Rhizosolenia alala is just a 
species that developes more numerously near the shore than out in the 
open sea, so that its wholesale appearance especially characterises the 
volumes of water, that in the summer flow over the coast-banks in the 
north of Norway. 

1 6. Rhizosolenia obtusa, Hensen, is rare on the coast of Nordland. 
Its ocurrence seems to be dependent upon very much the same conditions 
as Nitz^chia delicaiissima. 

17. Rhizosolenia semispina, Hensen, is also rather rare. The same 
may be said with regard to its occurrence, as of that of the foregoing 
species. They are both classed by Cleve with the Tricho-plankton. 

18. Rhizosolenia Shrubsolei, CI., is a southern form that appears in 
company with Rh. alata and Rh. styliformis^ in much smaller numbers 
than the first, but more abundantly than the second. Like them it conies 
in to the shore from outside, but it is capable of developing quite abun- 
dantly close to the shore in the summer. In the belt of islands otf 
Hero, it is even more common than Rh. alata, which keeps farther out. 

19. Rhizosolenia Stolterfothii, Perag, in its occurrence in Nordland, 
accompanies Rh. siyliformis and Rh, ShrubsoUi. 

20. Rhizosolenia stylifonnis, Brightw., the characteristic form in 
Cleve s most clearly defined plankton community, Styli-plankton, is found 
regularly on the coast of Nordland from August to October, but as a 
rule in rather small numbers. It is found almost always together with 
great quantities of Rh. alata, its occurrence showing plainly that it is not 
stationary on the coast, but comes in with the ocean-currents. 

21. Thalassiosira Frauenfeldii, Grun , is very iiTegular in its appea- 
rance, for which reason writers entertain various opinions as to the com- 
munity to which it may most naturally be referred. Cleve originally 
classed it with the Tricho-plankton. In his latest work [99, 11, it is 
entered under northern neritic plankton, which in other respects he 
regards as «a peculiar kind of derived Tricho-plankton ». Ostenfeld [99;, 
p. 94, classes it among the eastern oceanic spring plankton, which almost 
corresponds with Cleve s Cha^to-plankton. 

It is rather rare on the coast of Nordland, but it may sometimes 
occur in great quantities. I have only seen it in samples that contained 
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an abundance of neritic diatoms. Both at Hero and R0st it is found in 
April in the abundant arctic diatom-plankton (Tab. XI, XII), and in Oc- 
tober, 1898, it was found in large quantities in the fiords in the pro- 
vince of Troms0, together with neritic autumn diatoms. It need not, 
however, on this account be neritic itself. Chatoceras decipiens and other 
oceanic species are also found in large quantities among the neritic spe- 
cies. The scanty observations hitherto obtained indicate that it is at 
any rate to some extent stationary on the coast, like Chatoceras decipiens 
and Nitzschia seriata. 

22. Thalassiothrix longissima, CI. & Grun. is very rare on the coast 
of Nordland. Only a very few specimens of it have been observed off 
R0st in March, 1896. 

The plankton community that has taken its name from this alga, 
may therefore be said to be absent in the north of Norway. Some of 
the other characteristic forms mentioned by Cleve [99, i], p. 7, are about 
equally rare [Chatoceras atlanticum, Rhizosolenia obtusa, Rh. semispina). 
Others, however, arc exceedingly common (Calanus finmarchicus, Cyttaro- 
cylis dentictilata, Ptychocylis urnula). 

Neritic species. 

The neritic diatoms of Nordland form two essentially different groups, 
one of which vegetates luxuriantly in the latter part of winter, in April, 
the other in the summer and still more the autumn. 

The first group coincides very nearly wuth Cleves arctic neritic 
plankton (Ng.), which, moreover, in his latest work, he has in a measure 
mixed up with the winter plankton of the Skagerrak (Sira-plankton) ; the 
second answers to his northern neritic plankton (Ns). These two commu- 
nities have many species in common, indeed, most of the coast forms 
belong to both types. The communities however, are very different, as 
the species that are the characteristic forms in the one, constitute a ver}^ 
subordinate part of the other, and vice versa 

In the following list of the several species, Cleve's symbols for 
indicating whether the species have their maximum in the winter in the 
arctic community (Ng), or in the autumn in the sub-arctic (Ns), are given 
before each specific name. 

23. Ng. Achnanthes taniata, Grun. is a pronounced arctic form. 
It is found only rarely on the coast of Nordland, more especially in the winter. 
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24- Ng. Biddulphia auriia^ Lyngb., is a species with a very wide 
distribution. It is not infrequently found as a littoral lorm among algas 
and Bryozoa, e. g. in the Christiania Fiord and on Spitsbergen. As a 
plankton alga, it is a pronounced winter form both in northern Norway, 
and elsewhere along the North European coasts. I have seen samples 
from North Iceland taken in April, in which this species and the high- 
arctic Melosira hyperborea were the only plankton organisms. Cleve includes 
it in the Sira-plankton and the arctic neritic plankton. 

25. Ns. Cerataulina Bergonii^ H. Perag., occurs on the coast of Nord- 
land only in the summer and autumn, not infrequently, but always in 
small quantities. It is far more common in southern waters, and should 
perhaps be regarded only as a visitant to Nordland. 

26. Ns. Chatoceras constrictum. Gran, is not common in Nordland. 
In southern Norway it has its maximum in April and May, but in Nord- 
land I have only seen it in the summer and autumn. It is possible that 
it may then be carried northwards with the coast currents. Althotgh it 
is emphatically neritic, it cannot be regarded as certain that it is stationary 
in the north of Norway. 

27. Ns. Ng. Chatoceras cantartum, Schiitt, is perhaps the commonest 
of all the neritic diatoms of Nordland. It is found in greatest abundance 
in the autumn, but is not missing among the arctic diatoms of the 
winter. It has also a very wide distribution, being found on the coasts 
of Greenland and Spitsbergen, on the New^ Siberian Islands (by Nansen) 
and its spores on ice-floes in the Polar Sea (cf Gran [00]). In our 
deep fiords, which are otherwise very deficient in neritic diatoms, it may 
be found, but not often. 

28. Ns. Chatoceras coronatum, Gran, is found by Cleve at Troms0 
in June. I have not seen it from the north of Norway. 

29. Ns. Chatoceras curvisetnm, CI. is rather rare in the north of 
Norway, while in the south, it is one of the most common species. It 
is only found in the summer and autumn in Nordland : it is perhaps not 
stationary. 

The most northerly point at which it is found is between Troms0 
and Spitsbergen, in 74^ 50' N. Lat. and 16^ 37' E. Long., on May 29th, 
1897 (by Cleve, published in the paper by Pettersson & Ektnan [98], p. 49) 
It has not been found west of the Faroe Isles. 
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Cltve classes it among the Didymus-plankton, the neritic autumn 
plankton of the North Sea, where it predominates. Of the sub-arctic 
coast plankton it constitutes at any rate only a minor part. 

30. Ng. Ns. Chatoceras debile, CL, is one of the commonest 
diatoms in the north of Norway. It sometimes appears in great numbers 
both in April and in September and October, in both cases Equally nume- 
rous. Outside the Romsdal and the Trondhjem Fiord, it predominates 
in March and April. It is undoubtedly stationary. 

This species seems to have its centre of distribution on the coasts 
of Northern Europe. Its spores, however, are also found off the New 
Siberian Islands, and on ice-floes in the Polar Sea, and it is sometimes 
found as plankton in East Greenland, while on the coast of West Green- 
land it is less frequently found. 

31. Ng. Ns. Chatoceras diadema, (Ehr.) Gran. The distribution of 
this species is nearly as great as that of Ch. contortum, but in its occur- 
rence as plankton, it has a more northern character. At certain seasons, 
it is the characteristic form on the coast of Greenland (Cleve [96]). 

In northern Norway, it seems to occur somewhat more abundantly 
in the winter than in the autumn. It undoubtedly belongs to the 
endogenetic plankton of the coast. 

32. Ns. Chatoceras didymum, Ehr. is rather rare in Nordland, 
though it is found somewhat more frequently than Ch. ciirvisetum. In its 
distribution otherwise, it is very much the same as that species. 

53. Ng. Chatoceras furcellatum, Bail., is a pronounced arctic lorm 
which, in Norway, is not found farther south than Stadt. In company 
with Fragilaria oceanica, Lauderia fragilis, Navicula Vanh'dffenii and Thalas- 
siosira hyalitm, it characterises the winter plankton of northern Norway, 
as opposed to the plankton of the west and south coasts. 

It is found in considerable quantities, though not nearly so abundant 
as crt' Greenland and Spitsbergen; it may also be found in the summer 
and autumn, but in rather small numbers. 

34. Ns. Chatoceras laciniosum, Schiitt, is not uncommon in Nord- 
land in the summer and autumn. It is one of the characteristic forms 
iji the sub-arctic plankton which lives on the coast of northern Norway 
during the warmest season of the year. 

It is rare in Nordland in the winter, but farther south it may be 
found at all seasons. 
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According to Ostenfelds investigations [;8 and 99], this species is 
found in great quantities in the middle of the Atlantic, between Scotland 
and the southern extremity of Greenland, from April to June, together 
with Chatoceras Willei; but both species were more delicate here and less 
silicified than they are when they occur along the coast. 

It is therefore with hesitation that Ostenfeld refers these oceanic 
forms to the corresponding neritic species. Judging from a sample that 
he kindly sent me, I conclude that he is right in referring them as he 
has done. In this case, they must be regarded as dwarf forms which 
develope in such a peculiar manner, because the species have drifted away 
from their natural abode along the coast. It is remarkable that these 
forms occur in such large quantities in the open sea, that they are the 
characteristic forms in the « oceanic spring plankton ». 

The closely-aUied species, Chatoceras breve, Schiitt, which occurs 
rather frequently in the Skagerrak, I have not found in the norih of 
Norway. 

35. Ng. Chatoceras sociale, Lauder, seems to be found only during 
the coldest season of the year in the north of Norway; but it may then 
appear in such large quantities as to constitute the greater pare of the 
plankton (cf. Tab. XII). It is also found along the coast of Northern 
Europe, especially in the winter. It seems altogether to have a very wide 
distribution, as it is found both in the Arctic Ocean and at Hong-Kong. 

36. Ns. Ng. Chatoceras teres, CI., is found on the coast of Nord- 
land both in summer and winter, but never in especially great quantities. 
It therefore belongs, as a minor component part, to both the arctic and 
the, sub-arctic neritic plankton. Its field of distribution appears to extend 
over about the same area as Ch, diadetna, but it is noi so plentiful. 

37. Ns. Chatoceras tortissimum, Gran, is a new, characteristic little 
species, of which a description will shortly appear in a paper in the «Nyt 
Magazin for Naturvidenskaberne*, Vol. 38. It has only been found in 
the fiords north of Lofoten in October, 1898, but it is not rare. I have 
not found any spores, but its occurrence indicates that it is a neritic 
diatom. 

38. Ns. Chatoceras Wighami, Brightw., is a true coast form with 
a very wide distribution; but it always occurs in rather small numbers. 
I have onlv once found it in Nordland. 
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39- Ns. Chatoceras Willei^ Gran, is one of the characteristic forms 
in the sub-arctic autumn plankton on the coast of northern Norway. It 
is almost always found together with Ch, laciniosum, Ch, Willei is very 
nearly allied to Ch, Schuttii; in the north of Norway, forms are sometimes 
found that are still nearer to Ch. Schuttii than the one living on the west 
coast of Norway. But nevertheless the difference is sufficiently great to 
allow of their being kept apart; and as they have not the same geogra- 
phical distribution, 1 consider that they ought to be separated as inde- 
pendent species. 

40. Ng. Ns. Coscinodiscus polychordus. Gran, is an arctic form which 
vegetates in Nordland in greatest abundance during the cold season. 

41. Ng. Fragilaria oceanica, CL, is a characteristic form in the 
arctic-neritic plankton. In Nordland it is only found from March to May; 
it has its maximum in April, when it forms spores. 

42. Ns. Lauderia annulata, CL, may be found in the autumn, but 
not abundantly. 

43. Ng. Lauderia fragilis. Gran, is a characteristic form in the 
arctic-neritic plankton. It is found in Nordland regularly in April, but 
in rather small quantities. 

44. Ns. Leptocylindrus danicus^ CI. is rather rare in Nordland, and 
the specimens are generally smaller than in the Skagerrak and on the 
west coast, where it sometimes appears m great quantities. In the south 
of Norway it makes its appearance with Chatoceras constrictum, their 
distribution centre being apparently the Kattegat, the Skagerrak and the 
North Sea. It is not found west of Scotland. Cleve has found it off 
Spitsbergen, but in small quantities. Both there and in the north of 
Norway, it ought perhaps to be regarded as a visitor from southern 
waters. 

45. Ng. Navicula Vanh'dfeni^ Gran, appears in Nordland in April in 
the arctic-neritic plankton. I have not seen the nearly-allied species, AT. 
septentrionalis, Oestr. in this country. 

46. Ng. Podosira glacialis, Grun.,* is found in the same manner as 
the preceding species. 



* In a paper, published in Nyt Magazin for Naturvidenskabeme, B. 3S, 1900, "I 
have shown that this species is to be considered as a true Lauderia — L, glacialis 
(Grun.) Gran. 
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47- Ns. Ng. Skeletonema cosiatum, (Grev.) CI., is perhaps the com- 
monest of all neritic diatoms on the coast of Nordland. It can also live 
quite at the head of the fiords, where otherwise neritic diatoms are seldom 
met with; but the chains are then exceedingly thin and weak, so that 
apparently the alga does not live under favorable conditions. 

It is also sometimes found in the winter plankton, but not so plenti- 
ful as in the summer. 

48. Ng. Thalassiosira gravida^ CL, has a distribution almost similar 
to that of Coscinodiscus polychordus. In Nordland it is found in the grea- 
test quantities in the winter, but it may also be met with in the plankton 
in the summer and autumn. 

49. Ng. Thalassiosira hyalina, (Grun.) Gran, is a pronounced arctic 
form. It has the same distribution as Latideria fragilis^ Fragilaria oceanica 
and Chatoceras furcellatum. 

It may as a rule be known from Th, gravida by the circumstance 
that the cells He close together in the chain, very much like the coins 
in a roll of money. There is only an interval here and there, where 
there is a long mucilage thread between them. 

50. Ng. Ns. Thalassiosira Nordenskioldii, CI. has a wider distribution 
than the two preceding species. It seems, like them, to be found along 
all the shores of the Polar Sea; but it also goes farther south. In the 
North Sea and the Skagerrak, it often constitutes the greater part of the 
neritic winter plankton; and it is found right down in the Bay ot 
Kiel (Hensen). 

On the coast of Nordland, it has its maximum in April, but it may 
also be found at other seasons of the year. It is seldom altogether absent 
where there is an abundant neritic plankton, even at the warmest season 
of the year. 

Peridiniales. 

It is a characteristic feature of diatoms that at certain seasons, especi- 
ally spring and autumn, they may appear in immense quantities, while 
all the rest of the year they may be so scarce as easily to escape observa- 
tion. This holds good both of the coast forms and the oceanic species. 

The Peridinia seem, indeed, each to have their separate maximum 
at the time of year when the vital conditions are most favourable for 
them. But their occurrence is nevertheless much more regular. Single 
mdividuals of the more common forms may almost always be found 



Digitized by 



Google 



— 42 — 

alive in a free-floating condition. Propagation does not appear to take 
place as rapidly as in the diatoms; but neither do they disappear so 
quickly from the plankton when the conditions of life become less 
favourable. 

Most of our Peridinia have their maximum at the warmest time of 
the year, only a few in the early summer (May to July), all the others 
in the autumn, from August to October. During the winter, all the 
species decrease in number, but not sufficiently to prevent their forming, 
all through the winter, an important part of the scanty winter plankton. 
They appear to have their actual minimum at the time when the diatoms 
have their first maximum, and when the surface-temperature is lowest. 
This, in Nordland, is in April. 

It is not easy to decide whether the Peridinia are to be regarded as 
oceanic or neritic. Their spore-formation is as yet little known; and it 
is not known whether they can go through the whole course of their 
development in a free-floating condition. As most of the species are to 
be found in great quantities far from land, it is probable that they are 
holoplanktonic organisms. But on the other hand, most of the species 
are found in the greatest numbers along the shores, where the heat of 
summer has greater influence than in the open sea. They occur on 
the Norwegian coast in such great quantities, that they must play an 
important part in the economy of the ocean. Schutt's account [93] also 
shows that the Peridinia appear in far greater quantities in the shallow, 
warm coast-water, than in the deep, open sea. 

The question then arises, whether the abundant supply of Peridinia 
in the coast-waters can be replenished by multiplication when vital condi- 
tions become favorable for the species in question during the course of 
the year; or whether it is carried away by the current ever}' year, 
or perhaps, practically speaking, dies out owing to the varying hydro- 
graphic conditions, so that it must continually be renewed by supply 
from without. The question might also be presented in Aurivillius's terms: 
Are the various species endogenetic, developed from individuals that have 
wintered in one form or another, or are they allogenetic? 

As regards the Skagerrak, Aurivillius, in his great and important 
work, has come to the conclusion that most of the Peridinia are endogene- 
tic. Out of the 23 species and varieties which he mentions, he considers 
16 to be endogenetic, and 7 allogenetic. Four of the latter are of 
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southern origin, namely, Ceratium tripos var, macroceros^ and var. bucephala^ 
Pyrophacus horologium and Dinophysis spharica; while 3 are supposed to 
derive from the territory between the Gulf Stream and the coast-water on 
both sides of the North Atlantic, namely, Peridinium divergens var. depressa^ 
Peridinium ovatum and Ceratium tripos var. arctica (including v, longipes), 
Cleve, on the other hand [99, i], classes (I include only the forms 
found on the coast of Nordland): 

With the Styli-plankton, 
Ceratium furca 

« lineatum 
Diplopsalis lenticula 
Gonyaulax polygramma 
Peridinium divergens 

« r « '^^r.) oblongum; 

With the Tripos-plankton, 
Ceratium furca 
« fusus 
€ tripos 

« « V. macroceros; 

With the Tricho-plankton, 

Ceratium tripos v, arctica; ^ 

With northern neritic plankton, 
Ceratium tripos v. longipes 
Peridinium divergens v, depressa. 
Ostenfeld ([99] pp. 84 — 86) has 3 oceanic plankton communities in 
which the Peridinia play an important part, namely, the oceanic summer 
plankton with Ceratium tripos, type form and var. scotica^ C, fusus^ C. furca, 
and Peridinium divergens, and the northern peridinial plankton, with Ceratium 
tripos V. longipes, Peridinium divergens v. depressa, P. ovatum and P. pallidum, 
and further, the peridinial plankton of the Davis Strait, with Ceratium tripos 
V. arctica as the characteristic form. The northern peridinial plankton 
probably belongs to the North Atlantic north and east of Iceland. In the 
region investigated by Ostenfeld «it is met with where the northerly 
currents make their appearance, for instance, due east of the Faroe Isles, 
and between the Faroe Isles and Iceland with the east Icelandic polar 
current, and also in Denmark Sound in the east Greenland polar current. » 
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All the three above-mentioned authors agree in considering that 
Ceratium tripos v. longipes, Peridinium divergens v. depressa, and Peridinium 
ovatum, are northern forms, and of the others, some to be southern oceanic 
species, some coast-forms. 

The occurrence of the species on the coast of Nordland, moreover, 
accords with this assumption. The three above-named forms have their 
maxiroum in May and June, before the heat of summer has had any 
influence on the water. Only in the deep fiords do they remain far on 
into the summer. The remaining species appear in the greatest quantities 
in the summer and autumn, Ceratium tripos v. bucephala being somewhat 
later than the others. 

From this alone it appears that the fiords receive their southern 
forms — the greater part of their autumn plankton — from outside. It 
is another question whether the northern forms have also come in from 
the coast-water, or whether they have perhaps remained in the fiords all 
the year through. This question cannot at present be decided. Nord- 
gaard's investigations ([99] p. 28) show that Peridinia are found in the 
fiords even in February and March, and the northern forms predominate, 
especially Ceratium tripos v. longipes; but it is not impossible that a new 
influx may take place in the spring. 

But even if the fiords also receive the greater part of their plankton 
fi-om without, the coast-water may still have its endogenetic plankton, 
with a more or less neritic character. It is a characteristic feature of out . 
deep fiords that they are almost entirely destitute of endogenetic plankton; 
but the belt of islands and the banks outside ought to be better adapted 
for maintaining stationary communities of organisms. 

Owing to the currents and intermingling, the heat of summer may 
here penetrate deeper than in the fiords and in the open sea; and there 
are at any rate some shallow parts, where the heated water may enter 
into reciprocal action with the bottom. 

But all these conditions are too complicated to allow of the definitive 
solution of the question as to which organisms belong to the coast-water, 
and which come as visitors either from southern shores, or from the 
open sea. In the following list, I shall emphasise in the case of each 
form, what is known up to the present about; their occurrence on the 
coast of Nordland ; and for the sake of comparison I have added informa- 
tion from Aurivillius [98], Cleve [97, 99, i, 00, i — 2) and Ostenfeld [98, 



Digitized by 



Google 



— 45 — 

99li as to their occurrence in other regions. Unfortunately, a few forms 
have only so lately been distinguished from nearly-allied species, that the 
workmg-up is incomplete as far as they are concerned; and throughout 
I have examined the smaller forms less carefully than the larger ones. 

Ceratium tripos, Duj. type form. 

Is found in Nordland all the year round, perhaps with the exception 
of the months April and May. In the few samples that I have obtained 
from Her0 (Tab. XI, XII) and Rest (Tab. XIII) by private assistance, it 
is absent during these months; but it may nevertheless occur, at any rate 
singly. It seems to have its maximum from August to November; and 
it appears, as a rule, that it is found in greater quantities in and outside 
the belt of islands, than in the fiords. 

The manner in which this species occurs gives rise to the impression 
that it certainly remains all the year in small quantities along the coast; 
but the great number of individuals found at the warmest season of the 
year, must in a great measure come from the south with the coast currents. 

According to Aurivillius ([98] p. 100), it occurs in the Skagerrak all 
the year round, but less frequently in March and April; according to 
CUve ((ooj, p. 19), in the same place, in 1898, it was « common in 
January, then rare to June, common from July to the end of the year*. 
Cleve found it at Plymouth all the year round, with a maximum from 
July to December. 

Thus its maxima and minima appear to occur almost simultaneously 
along the whole coast of Northern Europe. In the north-eastern part of 
the summer, it is rarely found in by the coast; but farther from land 
(Station Ee), it is sometimes common as early as July. After November, 
it decreases greatly in quantity, but solitary specimens remain through 
the winter, at any rate up to March. Inside the fiords, it is on the whole 
very uncommon. 

In the Skagerrak too, according to Cleve [97], it occurs «sparingly 
in the summer, most common in September and October* In the North 
Sea, it was found in 1898 [Cleve [00], p. 20) in some places in March, 
but sparingly; in July and August it was absent, but in November it 
appeared in some places in considerable quantities. 

This form, according to Ostenfelds investigations, is very rare in the 
western part of the Atlantic, and on the whole at a considerable distance 
from the coast of Northern Europe. 
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In the Skagerrak, it is supposed by Aurivillius (1. c. p. 22) to come 
in from the south-east with the Jutland current. Cleve classes it with the 
Tripos-plankton and southern neritic plankton. In Nordland too, it gives 
the impression of being an allogenetic organism, which has come from 
the south with the coast currents. But as yet it cannot well be decided 
where its centre of distribution is to be sought for. 

Ceratitwt tripos var. longipes, Bail. 

This form is found along the coast of Nordland in great quantities 
during the first half of the summer, especially June and July; at this 
time of year it is the most conspicuous of all Peridinia. Later in the 
summer, it decreases in quantity, but inside the fiords it is still found 
rather plentifully all through the summer and autumn. As late as the 
25th September, 1898, it was found in large quantities at Liland in 
Ofoten. In the surface-layers, it is true, the more southern forms, C. 
tripos and the variety macroceros, were at this time more common; but at 
a depth of from 40 to 60 metres, it was found in greater quantities than 
any other Peridinium (Tab. III). For the rest, it seems to be found along 
the coast all the year round, with a minimum in April. 

If any of the varieties of Ceratium tripos are to be supposed to be 
stationary in Nordland, it must be this one; but there are also circum- 
stances which indicate that at any rate it comes in to some extent with 
the coast currents. It is found, 'for instance, outside the belt of islands 
earlier (at Rost on the 24th May, 1899) ^^^^'^ within the belt of islands 
(Her0 on the 15th June, 1899, still only sparingly); and even in the first 
few days of July, it appeared in greater quantities out on the Vesteraalcn 
edge than near the shore. It subsequently becomes the characterisric 
form of the fiord plankton. 

Ceratium Imigipes — as, for the sake of brevit}', I shall call it -^ 
has a very wide distribution. It is classed by all authors as a northern 
form. Cleve considers it the characteristic form in the northern neritic 
plankton, Ostenfeld in the northern peridinial plankton, which has its 
centre of distribution in the North Atlantic, north of Iceland. 

Ceratium tripos v. macroceros. Ehr., occurs in Nordland in about the 
same manner as the principal form, though somewhat less abundantly. 
Its maximum occurs in August and September. 

Ceratium tripos v. scotica, Schiitt, is a rare visitor in Nordland, being 
only found in the autumn, off Hero in October, 1899 (cf. Tab. XII), • 
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Ceratium furca, Duj., on the coast of Nordland occurs very much 
2$^ C tripos. It may often constitute a very important part of the plank- 
ton, e. g. in the lower part of the West Fiord, in July, 1898. 

Ceratium fusus, Duj., appears in about the same manner as C. tripos, 

Dinophysis acuta, Ehr., may often be common in Nordland, especially 
in the belt of islands and just outside it. Its maximum occurs in August 
and September. 

Dinophysis Michaelis, Ehr. (D. rotundata autt.), is also not uncommon, 
but it is generally found in the fiords, and in the spring, together with 
Ceratium longipes and Peridinium ovatum. It is probably an endogenetic 
neritic form. 

Diplopsalis lenticula^ Bgh., seems, on the other hand, to be allogenetic, 
of southern origin. In the tables for 1898, it has unfortunately been in 
some measure confounded with Peridinium ovatum. Diplopsalis is much 
more frequently met with out on the Edge than near the shore; and in 
the fiords it is very rare. Its maximum appears to fall in August and 
September. 

Gonyaulax spinifera (Clap. & Lachm.) is not infrequently found on 
the coast of Nordland; but I have not been sufficiently observant of it 
to be able to say anything of its biological conditions. It is probably a 
neritic form. 

Peridinium divergens, Ehr., has been divided, during the last few- 
years, into several varieties with different geographical distribution. In the 
tables for 1898, I have not yet introduced this division, but have entered 
all the forms under P. divergens, Ehr. s. 1. In Nordland var. depressa. 
Bail, is much more common than any of the other forms. It is therefore, 
in most cases, this variety that is entered as P. divergens s. 1. 

In the tables for 1899, besides separating var. depressa from the 
principal species, I have also separated a form which I have provisionally 
called var. conica. It is figured by Bergh [81], PI. XV, figs. 43, 44. It 
is easily distinguished from the principal species by the bluntly conical 
form of the apical part, while in the principal form and var. depressa it 
it is first narrowed and afterwards pointed. The antapical horns too, 
are blunter than in the principal species; and the little spines on the 
inner side are either very inconspicuous, or altogether absent. 

After the tables had been printed, I noticed that Lemmermann, in 
one of his recent works [99], has also specified among the numerous 
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varieties and forms which he has named from the drawings of others, 
without apparently having seen specimens of most of them, a cvar^ 
sinuosum, Lemm. nov. var.», Bergh, I.e. fig, 44, and a fvar. acutangulum 
Lemm. nov. var.» Bergh^ 1. c. fig. 43. Future minute investigations may 
perhaps also show that these forms may really be separated from one 
another. I have included both under var. conica. This designation 
naturally lays no claim to priority. 

The principal form, Peridiniutn divergms, Ehr., s, str.. has its maximum 
in August and September. During these months, it is not uncommon, 
especially in and outside the belt of islands. 

Peridinium divergms var. conica. Gran, has almost the same occur- 
rence as the principal form. Both these seem to be southern coast forms 
that are carried nonhwards with the coast currents in the summer. Cleve 
classes P. divergms with the Styli-plankton and the Tripos-plankton. 

Peridinium divergms var. depressa, Bail, is a more northern form, 
which seems to keep to the coast of Norway all the year round. It 
occurs at about the same seasons as Ceratium longipes; but even in August, 
it may still be very common. It is classed by Cleve with the northern 
neritic plankton, like Ceratium longipes, OsUnfeld refers it to his northern 
peridinial plankton. 

Peridinium pellucidum, Bgh., and P, Michaelis, Ehr., both occur rather 
commonly on the coast of Nordland. They are not always entered in 
the tables. They are probably neritic forms. 

Peridinium ovatum, Pouchet, in its distribution in Nordland keeps 
pretty closely to Ceratium longipes and Peridinium depressum. It sometimes 
occurs in rather large quantities. 

Tintinnodea. 

Among the Tintinnodea, I have only taken into account the species 
that occur somewhat regularly, and are thus of some significance to the 
character of the plankton. 

There are two species that without comparison are more common 
than any of the others, namely, Cyttarocylis dmticulata (Ehr.) Pol. s. 1. and 
Ptychocylis umula (Clap. & Lachm.), Brandt. But these two sometimes 
occur in great quantities; in a few samples they constitute an important 
part of the whole plankton. I have not separated the different varieties 
or sub-species that Brandt [96], Ostmfeld [99], and J0rgmsen [99] specify. 
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Both the above-mentioned species — or form-groups — are found 
in Nordland at any rate all the summer and autumn, and probably singly 
all the year round. At Bergen, according to j0rgensen [99], they are found 
all the year through — Cytiarocylis denticulata^ however, not in January. 

Aurivillius considers both species, from their occurrence in the 
Skagerrak, to be allogenetic, belonging to the mixed water between the 
Gulf Stream and the coast water on both sides of the North Atlantic. 
Cleve classes them with the Tricho-plankton ([99, i], p. 7). 

In Nordland, they are found outside the belt of islands, among 
the islands themselves, and in the fiords, with nearly equal frequency. 
They seem to have a distribution-centre in the Nordland coast-waters, 
although they are true oceanic species. 

All the other species seem to be emphatically neritic. They have 
their maximum in Nordland in the warmest season of the year, and in 
the winter they disappear from the plankton. In a few species, Amphorella 
subulata and Cytiarocylis serrata, I have observed cysts, which probably 
sink to the bottom, and pass the winter in a quiescent state. 

I will here mention the annual maximum for the most important 
species. For purposes of comparison, the months* in which they are 
found in the plankton near Bergen are appended from j0rgensens paper [99]. 

Maximum in Nordland Occurrence at Bergen 

Amphorella Steenstrupii August to October August to December 

— subulata July to September May to November 
Cytiarocylis serrata July to August June to November 
Tintinnopsis beroidea July to October November to December 

— Campanula July to September July to December 
Tintinnus acuminatus August to October June to December 

The Tintinnopsis species keep close in to shore, and especially 
inside the fiords (e. g. in Ofoten, July 28, 1899, Tab. IX). The other 
species may also be found out on the banks. Here they may make 
their appearance earlier in the summer (in the first half of July), while 
near land they are not found in any quantity until August. 

Radiolaria. 

Only one species occurs with sufficient regularity and in sufficient 
quantities to characterise the plankton, namely, Acanthometra echinoides, 

4 
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Clap. & Lachm. (Acanthoma quadrifolia^ Hackel). It has its maximum 
in August, but is sometimes still very plentiful in September. In July it 
is only found out on the banks, and not near the shore. In 1898, it 
appeared at Bodo in enormous quantities (Tab. IV). 

It also occurs outside the belt of islands, but only rarely in the 
fiords. According to Aurivillius, 1. c. p. 20, it is an oceanic plankton 
form from the temperate North Atlantic and the Pacific. 

Plagiacantha araclwoides, Clap., occurs regularly, but rather sparingly. 



Of other Protozoa may be noticed Globigerina bnlloides, d'Orb. 
which is found not infrequently out on the banks, but not in the fiords. 
It is a true oceanic organism, which is only brought in to the coast by 
ocean currents. 

' Copepoda. 

I have not been able to make a thorough report of the Copepoda, 
but have been obliged to content myself with specifying those species 
which appear in such great quantities that they determine the character 
of the plankton. Of these there are really only 3 or 4 species in Nordland, 
namely, Calanus finmarchicus, Microsetella atlaniica, Oithana similis, and 
sometimes Psetidocalanus elongatus. 

Calanus Jinmarchicus, Gunn. 

This species is found in enormous quantities, and, also because of 
its considerable size, plays an important part in the economy of the 
coast waters. I have therefore paid special attention to it*. 

I have attempted to determine its appearance quantitatively by 
counting all the adult specimens in each sample; but even if it be sup- 
posed to be evenly distributed over wide tracts, the determination is never- 
theless scarcely exact, as some individuals, by their rapid movements, are 
likely to get away from the comparatively narrow opening of the quan- 



1 have not weighed it in a living state. Its weight after preservation in alcohol 
may be approximately calculated from a couple of samples from Ofoten, July 
28th, 1899, where it occurred almost unmixed. Here 1757 full-grown specimens 
weigjied 0.69 grammes, so that each single specimen weighed about 0.4 milli- 
grammes. 



Digitized by 



Google 



— JI — 

titative bag, especially as the bag, in being drawn up, exerts a conside- 
rable upward pressure upon the surrounding water. 

The figures, however, that the method of counting in this case 
gives, may at any rate give much information as to where and in what 
quantities the animal occurs, even if they do not give any actual value 
for the number of animals living in the column of sea-water, filtered 
by the bag. 

The results show with complete certainty that Calanus finmarchicus, 
during the early part of the summer, is found in great quantities in the 
fiords, where the water at that time of year is siill colder than in the 
belt of islands and on the banks. In July it occurs outside the belt of 
islands only sparingly (Tab. VII, VIII; Stations Ei to E2 inside Bids 
Fiord, E4 to E« outside the belt of islands). 

During the first few days of July, it was still found in enormous 
quantities in Eids Fiord and the neighbouring sounds and fiords, Sortland's 
Sound, Siger Fiord, Hadsel Fiord, sometimes up to the very surface, but 
generally from a depth of from 10 to 1/ metres down to the bottom. By 
the 24th or 25th July, however, it had akeady diminished greatly in quantity, 
while at the same time the water in the upper layers had become warmer, 
and Salter water had streamed in along the bottom. In the deeper layers, 
they were still found in no small quantity, but in the surface-layers they 
occurred very sparingly. 

In the Ofoten Fiord, however, which is much longer and deeper 
than Eids Fiord, they were still found on the 28th July in great quanti- 
ties (Tab. IX). The distribution will be best seen from the following table: 





Statin Oa 


Station O2 


Station Oi 


Depth. 


Mouth of Fiord 


Middle of Fiord 


Head of Fiord 




Lodingen 


Liland 


Narvik 


— 20 m. 


2 


60 


I7S7 


20 — 40 » 


4 


1679 


681 


40 — 100 » 


47 (40 70 m.) 


84 


110(50 — 109 m.) 



It is thus found in the greatest quantities in the upper part of the 
fiord. Here too, however, it diminishes in quantity in the course of the 
summer; this was at any rate the case in 1898. In the same year it 
remained longer in Ofoten than in any other of the fiords examined. I 
append from Table III the following figures: 
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Liland in Ofoten (Station O2). 
1898 

August 9 September 25 
o — 20 m. 655 87 

20 — 40 m. 590 25 

40 — 60 m. 121 7 

Narvik in Ofoten (Station Oi). 
1898 

August 7 September 25 
o — 20 m. 576 o 

20 — 40 m. 84 3 

40 — 60 m. 21 6 

In July, 1898, it was still more numerous than in August; but as 
at that time the quantitative bag was not ready for use, I am unable to 
give any figures. 

In the fiords then, Calanus finmarchicus diminishes in number 
towards the end of the summer and in the autumn. Out on the coast- 
banks, the? reverse appears to be case. In the beginning of July, 1899 
(Table VII), it was found only in small quantities outside the belt of 
islands, while Eids Fiord was full of it. At the end of July (Table III), 
it was found nowhere in great quantities, but most numerous outside the 
belt of islands (Station E4); and at the end of August (Table X), it ap- 
peared in large quantities out above Vesteraalen edge, while it had nearly 
disappeared from Eids Fiord. In September, 1898, it was found both in 
the fiord and on the banks, but most abundantly over Vesteraalen edge. 

In the summer of 1898 also, it increased in quantity outside the 
belt of islands. At the mouth of the West Fiord, even in July, it was 
rather scarce (Table III, Stations I — III); but on the 8th September (Sta- 
tions Vi & V2), it was to be found in large quantities. 

There is moreover this difference between its appearance in the 
fiords and out on the banks, namely, that the specimens found in the 
early summer are all large and full-grown. Out on the banks in the 
autumn, there are many different sizes and stages of development to be 
found. I have, however, only counted those specimens that were suffici- 
ently large to be easily distinguished from all other species with the 
naked eve. 
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With regard to the occurrence of the species on the coast of Nord- 
land at other seasons, little is known at present. Nordgaard's investiga- 
tions [99] show that in February and March it is found scattered both 
inside and outside the belt of islands. It appears to occur most abund- 
antly in the deeper layers, especially inside the fiords. 

The investigations that I have had carried out all through the year 
at Her0 and Rost, were made with too small nets to allow of their 
giving any complete information as to an animal that is so large and 
so quick in its movements; but if the species occurs in great quantities, 
it would still appear in the samples, a fact of which I have been able 
to convince myself. It is therefore very remarkable that the three series 
of samples give corresponding results. Calanus fintfiarchicus is found in 
large quantities in all the series, in the samples of May (Tables XI — XIII), 
at Rest at the beginning of June also; but in all the others, I have 
seen only single specimens. It must thus probably be a general rule that 
out in the Nordland belt of islands, it has its maximum in May. 

Is Calanus finmarchicus stationary on the coast, or does it come in 
with the currents from outside? The solution of this question is of no 
little importance for a comprehension of the economy of the whole coast- 
water, as this species alone probably constitutes quantitatively the greater 
part of the animal plankton of the coast-water. 

Calanus finmarchicus is a pronounced oceanic organism with a very 
wide distribution. According to Aurivillius [98J, it is arctic and antarctic 
in a wider sense, with a eurythermal tendency; it is even found in the 
Tropics, but in smaller quantities, and the specimens are not so power- 
fully developed as the arctic ones. 

Cleve [99, i] reckons it among the Tricho-plankton, and the northern 
neritic plankton, which is also in accordance with its wide distribution. 
In the Skagerrak it is found all the year round deep down, but is absent 
from the surface-layers in the summer. 

On the coast of Nordland also, it remains, probably in deep water, 
all the year round; but on the other hand, it is not impossible that a 
portion of the large quantities that fill the fiords in June and July, are 
derived from an in-flowing in May. 

Microsetella atlantica, Brady & Rob. 

This characteristic species is found in Nordland all the year through ; 
its maximum seems to occur in September. In Gratangen Fiord, it was 



Digitized by 



Google 



— 54 — 

found on August 31st, 189S, in all stages of development, in enormous 
quantities. It is moreover met with in greater or smaller quantities both 
outside and inside the belt of islands. 

Its distribution in other respects seems, according to Aurivillius [98], 
to be about the same as that of the foregoing species. Cleve [99, i] places 
it among the Styli-plankton, thus looking upon it as a southern form. 

Oithona similis^ Claus. 

This species is perhaps still more common than the preceding one ; 
it is seldom absent in any plankton-sample from Nordland. It appears 
to have its maximum from August to October. 

According to Aurivillius, it is probably endogenetic in the Skagerrak ; 
he moreover specifies it as a temperate form from the North Atlantic, 
with a eurythermal tendency. Cleve [99, i] places it in the Styli-plankton. 

On the coast of Nordland it remains, probably all the year round, 
as a stationary organism. The supply may of course be renewed by an 
influx from the North Atlantic Ocean. 

Pseudocalanus elongatus, Boeck, 

also sometimes appears in large quantities, but not so frequently as the 
two preceding species. 

Cladocera. 

Evadne Nordtnanni Lov^n and Podon polyphemoides, Leuck, are both 
found rather frequently, especially in the upper layers of water. They 
have their maximum in August and September. They are probably sta- 
tionary on the coast. 



Of other organisms, there are a few larger forms that are seldom, 
or only singly, met with in the samples that are taken in bags of the finest 
silk gauze; but with a larger bag of coarser gauze, I have taken up larger 
quantities. A complete account of them will follow^ in a subsequent paper ; 
here I will mention only two forms, to which I have given special 
attention. 

Spadella hamata, Mbbius^ 

is often found in large quantities in the fiords together with Calanus 
iinmarchicus. It is a pronounced arctic organism, which, farther south, 
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is only found at great depths. 1 have found it in Ofoten and in Eids 
Fiord up to 50 metres below the surface. 

Spinalis retroversus, Flemming, 

is found outside the belt of islands in August and September, sometimes 
in great quantities. It is probably brought here by currents from the 
south. It is eaten by the herring, which can only digest it slowly, on 
account of its firm shell. It is therefore dreaded by the fishermen, as it 
decays in the herring's intestinal tube, when the herring is salted without 
removing the stomach. 
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Plankton Communities. 

Cleve [97] and Ostenfeld [99] have established plankton types or plank- 
ton communities, which characterise the various ocean regions at certain 
seasons. 

Cleve has named his types after a few leading forms, and has thus 
obtained a limited number of types with clear, simple designations. But 
as the leading forms have a very wide distribution, it is unavoidable that 
one plankton-type may have an essentially different character in different 
regions, even if the same leading form be found in both places. On the 
other hand, the leading species may sometimes appear in such small 
quantities — as Ostenfeld also points out — that it can only very improperly 
be said to characterise the plankton. 

OstenfeMs names for the plankton communities are taken from their 
distribution, and from the time of year at which they have their maximum. 
The names are biologically correct, and they may also be practical 
in investigating a limited area. That I nevertheless prefer Cleve's 
designations is because I consider it desirable that the names of the 
communities should tell to some extent which species are charac" 
teristic. Ostenfeld s c oceanic spring-plankton*, for instance, is far too 
general and inHefinite a designation for the community that is found in 
spring in the region that he has investigated. Plankton communities may 
be found in other places with quite another composition, but for which 
the name would suit just as well. Ostenfeld has indeed also an «eastern 
oceanic spring-plankton* as a sub-division; but the divisions that can be 
made in this way, will nevertheless scarcely suffice to give adequate 
designations. 

Cleve s designations are too sharp and schematic, but it is better to 
define too sharply than too vaguely. 
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In the following account, I have therefore adopted Cleves names 
with some few additions and changes, which, in my opinion, were neces 
sary. In so doing, however, it has not been my wish to express an 
opinion as to the hypotheses concerning the course of the ocean currents, 
which Cine has associated with his names for the plankton-rvpes. In the 
last section I will discuss mere fully the question as to how much can 
be concluded, from the facts hitherto known, with regard to the connection 
between the ocean currents and the character of the plankton in the North 
Atlantic and on the coast of Nordlaud. 

A. Neritic Communities. 

Neritic species are those that either live exclusively near the coasts, 
or at any rate have their centre of distribution near the coasts, whence 
they may also be carried out by currents into the open sea. Most of the 
neritic forms are meroplanktonic] they pass in their developmental cycle 
through a bottom stage, which is generally a quiescent stage. They are 
thus directly dependent on the bottom. They are found in greatest 
quantities in shallow water; our deep fiords are very deficient in true 
neritic organisms, but the belt of islands is their true home. 

The coast currents will probably also carry the neritic organisms 
from one place to another. The neritic species that are found in a place, 
can therefore very well be of foreign origin ; but it seems to be a rule that 
they do not drift long distances, and in any case, the local, endogenetic 
forms in each place will be in the majority as compared with the allo- 
genetic coast forms. 

I. Taenio-plankton, or Arctic Neritic Plankton, 

as it occurs in Nordland, is a pure diatom-plankton. It consists of the 
following neritic diatoms, which are also found on the coasts of Green- 
land and Spitsbergen: 

Achnanthes taniata 

Biddulphia anrita 

Chcetoceras contort um 

— debile 

— diadema 

— furcellatum * 

— sociale 
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Uuetoceras teres 
Coscinodiscus polychordus 
Fragilaria oceanica * 
Lauderia fragilis * 
Navicula Fanh0ffenii''^ 
Podosira glacialis 
Skeletonema costaium 
Thalassiosira gravida 

— hyalina * 

— Nordenski0ldii 

This community is found on the coast of Nordland especially in 
April, but only close to the coast. It has a somewhat different character 
in different places. At Rest and other places in Lofoten, Fragilaria 
oceanica predominates; at Hero in Helgeland, Chatoceras sociale; and out- 
side Romsdal, where it is also found at about the same time of year, and 
of the same composition, Chatoceras debile is the predominating species. 

On the coast of Greenland, besides these, there are also some other 
species, but only forming subordinate component parts (cf. Cleve [99, i], p. 8): 

Atnphiprora hyperborea, Chatoceras septentriottale^ Coscinodiscus bioculatus, 
Eucampia gro^nlandica, Fragilaria cylindruSy Navicula septetitrionalis, Nitzschia 
frigida, Pleurosigma Siuxbergii, 

From February to April, a neritic diatom-plankton is found in the 
Skagerrak, which has many species in common with the arctic neritic 
community, and which Cleve has in some measure confused with the 
latter. It may very well retain Cleve s designation, Sira-plankton, as 
Thalassiosira species are as a rule in the majority. 

In the above list, I have indicated by an asterisk the species that 
are absent from the Skagerrak Sira-plankton, but the latter on the other 
hand, has some others, of which I may mention Chatoceras cottstrictum, 
scolopendra, and simiky Leptocylindrus danicus, Rhizosolenia setigera, Thalas- 
siosira gelatinosa, 

2, Phaiocystis-plankton. 

The Taenio-plankton is replaced on the coast of Nor41and directly 
by a very homogeneous Pha^ocystis-plankton, composed almost exclusively 
of Phaocystis Pouchetii (Har.) Lagh. It was first demonstrated on our 
coast by Lagerheim [96], who found it in large quantities at Troms0 in 
1895. It appears first together with the arctic neritic diatoms; but in 
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the latter half of April, these diatoms form spores, and disappear from 
the plankton, and for a shon time Phaocystis is quite predomi- 
nant. Ostenfeld ([99] p. 87) mentions a similar PA^^oryi/w-plankton, which 
appears at the south point of Greenland in April, and in Iceland in June 
and July. 

3. C on torto- plank ton. 

Or Sub-arctic Neritic Plankton. 

In the autumn — September and October — there may be found 
in several places on the coast of Nonhern Norway, a neritic plankton 
that consists chiefly of diatoms. It comes under Cleves type f northern 
neritic plankton »; but under this heading are also included the coast 
plankton of Iceland, and to some extent the subsequently treated Longipes- 
plankton. I therefore give it here under a special name. 

Chatoceras contortum, laciniosum and fVillei, and Skeleionema costatum 
may be regarded as characteristic forms. The minor component parts 
are to some extent the same as are found in the winter in the arctic 
plankton. The following species occur: 

Cerataulina Bergonii 

Chatoceras cotisirictum 

— contortum 

— coronattim 

— curvisetuNi 

— debile 

— diadema 

— didymum 

— laciniosum 

— teres 

— toriissimum 

— Wighami 

— Willei 
Leptocylindrus danicns 
Skeletonema costatum 
Thalassiosira gravida 

— Nordenski0ldii 

It is probable that the neritic Tintinnodea occurring on the coast 01 
Nordland must be entered here, viz. Amphorella Stee'nstrupii, A. subulata, 
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Cyttarocylis serrata, Tintinnus acuminatm and further a whole series of 
larva-forms, and perhaps Evadne Nordmannii and Podoii polyphemoides. 

This plankton stands in the same relation to the arctic neritic 
plankton of Nordland, that the Didymus-plankton of the Skagerrak does 
to the Sira-plankton. A few of the Didymus-plankton species are also 
found in Nordland (e. g. Ch. didymum, curvisetum. Cerataulina Bergouii); 
but most of the forms are absent. 

A plankton corresponding to this community was found by Cleve 
[97] in Troms0 Harbour, on June 12th, 1896. It may be found in small 
quantities all through the summer, but appears, from my investigations, 
to have its maximum in September and October. It seems to occur in 
even greater quantities in Troms0 and Finmark than in Nordland, where 
there is as a rule very deep woter between the islands. 

3 b. Skeletonema-plankton. 

An extreme form of the foregoing community is sometimes found 
in the summer on the surface within the belt of islands, and even at 
the head of the fiords. It consists almost exclusively ot Skeleionenia 
costatum. It was found at the very end bf Eids Fiord on July 25th, 1899 
(Tab. XII). In August, 1899, at Hero, this hyper-neritic plankton had 
been displaced by forms with a more oceanic character. 

In the fiords, large quantities of Tintinnopsis species may be found 
[Tintinnopsis campanula, heroidea, etc.), which seem to be pronounced neritic 
species. Tintinnopsis campanula also appears regularly on the west coast 
of Norway, though rather sparingly, in the belt of islands; but in the 
Hardanger Fiord, J0rgemen found it in great quantities ([99], p. 22). It 
is one of the few neritic species that are especially to be found in the 
deep fiords. 

4. Halosphaera- plank ton. 

Halosphara viridis is found on the coast of Nordland from September 
to March, often in considerable quantities. As there are no other species 
that occur at the same time, it must form a community by itself It is 
not yet decided, however, whether it is actually neritic. It appears in 
the Skagerrak and the North Sea at the same time o^ year as in Nordland. 
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B. Oceanic Communities. 

a. Diatom Communities. 

5. Disco-plankton 
(Oceanic Winter Plankton, Ostenfeld). 
This community has been treated of by Ostenfeld ([99], p. 82), and 
by myself (Hjort & Gran [99], p. 19). On the coast of Nordland it is 
found outside the belt of islands, especially during the first few months 
of the year. The characteristic forms zxt\Coscinodiscus oculus iridisy C. radiatus 
and C stellaris, 

6. Nitzschia -plank ton. 
The Nitzschia-^lmklon is a very characteristic diatom-plankton, found 
just outside the belt of islands especially in July. In the latter half of 
the month, it goes within the belt of islands, but not into the fiords. 
The predominant characteristic form is 

Nitzschia delicatissima, 
In a subordinate degree appear 
Nitzschia seriata, and 
Chatoceras criophilutn, and less frequently 
— decipicns. 
There are, moreover, the characteristic forms in the succeeding commu- 
nity, Rhizosolenia alata and Rh. styltformis, and a few neritic forms, e. g. 
Chatoceras debile, laciniosum, etc. 

In October, 1898, this plankton was found in large quantities in 
the fiords in the province of Troms0, together with neritic diatoms 
(Tab. VI). 

The M/r^c/z/a-plankton has a great resemblance to Ostenfeld' s « oceanic 
spring plankton*, which occurs in «the North Atlantic from April to 
June, and in the Irminger Sea in August* (1. c. p. 83). It must probably 
be regarded as a special form of this community. Its distribution in the 
north-eastern part of the North Atlantic is as yet little known. There is 
no necessity for supposing that it has come with currents to the coast 
of Norway from the west side of the Atlantic, even though this is not 
impossible. In May, 1896, it was found in the middle of the Gulf 
Stream to the north of the Shetland Isles (Hjort & Gran [99], Tab. 2, 
Station 50). 
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This plankton does not agree tvith any of Cleves types. Biologi- 
cally it perhaps most nearly corresponds with the Tricho-plankton ; but 
the characteristic forms of the Tricho-plankton (Thalassiothrix longissima, 
Chaloceras atlaniicum, Rhizosoletiia semispina) are exceedingly rare on the 
coast of Nordland. 

7. C hae t o-pl ankt o n (Cleve). 

This type, established by Cleve, is characterised by Chatoceras 
decipienSj which is one of the most common plankton-algae on the coast 
of Nordland. Wherever the plankton is rich in diatoms, oceanic or 
neritic, it is found among the others, and in very considerable quantities; 
but nevertheless it is seldom the characteristic form of the plankton, 

A peculiar form of fairly pure Chaeto-plankton was found in the 
inner part of Ofoten on July 28th, 1899. It consisted of Chatoceras 
decipiens and Ch, criophilum. The diatom cells gave the impression of 
degeneration. I consider it probable that these species have come into 
the fiord earlier in the summer. 

In the beginning of July, a similar oceanic diatom plankton was 
found at the head of Eids Fiord. Here, however, Chatoceras criophilum 
was the predominating species. 

8. Northern S t y 1 i-p 1 a n k t o n. 

This is found in large quantities off the coast of Nordland, especi- 
ally in August and September. It corresponds with Cleves Styli-plankton, 
but has nevertheless a different character from the Styli-plankton found, 
for instance, in the North Sea and west of Scotland in the summer. The 
species in this plankton are much more abundant, but the number ot 
individuals can hardly be greater than off the coast of Nordland. Cleve 
also mentions ([99, i], p»4) that about half the forms of the Styli-plankton 
do not go farther north than to the Faroe-Shetlands channel, and that 
therefore the Styli-plankton has a very different character in the various 
regions where it appears. 

The form of Styli-plankton found in the North Atlantic about the coast g 
of Norway and Spitsbergen may very well be called northern Styli-plankton 

The characteristic forms are: 

Rhizosolenia alata, both the principal form and f. gracillima 
predominating 
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Rhizosolenia styliformis 

— Stolterfolhii 

— Shrubsolei 
Dactyliosolen mediterraneus v. tenuis 
Corethron hystrix 

Diplopsalis lenticula 

Globigerina bulloides 

Spinalis retroversus 

Sagitta hipunctata, with several other animal forms. 

Cleve also includes Microsetella atlantica and Oithona sitnilis among them, 
as they are also regularly found with the above-named species ; but in my 
experience, the majorit}^ of these species keep nearer land, especially in 
the company of Peridinia, and their biological conditions seem to class 
them with the Tripos-plankton. 

Rhizosolenia alata, the predominating form in the northern Styli- 
plankton, is also the characteristic form in the Baltic current, which in 
the early summer flows out of the Skagerrak onwards along the west coast 
of Norway. In Nordland its occurrence seems to be distinctly oceanic. 
It is indeed not impossible that a great many may be derived from indi- 
viduals that have moved northwards along the west coast of Norway 
with the Baltic current ; but it is found in Nordland together with purely 
oceanic forms in layers of rather salt water. If water and organisms 
originating from the Baltic current are found off Nordland, both the 
water and the organisms it contains are so mixed, that ttiey have acquired 
an altogether oceanic character. 

This northern Styli-plankton is found out on the banks as early as 
the beginning of July, while the Nitzschia-plankton forms a band just 
outside the belt of islands, and the Longipes-plankton fills the fiords. In 
the course of the summer, it penetrates farther in; and in the latter half 
of August and the beginning of September, it comes right in to the belt 
of islands, at first in the deeper layers. It remains at any rate all Sep- 
tember, probably also during October. In the middle of October, 1898, 
it was found in large quantities far up the 0x Fiord in Finmark, where 
at the same time there was an abundant inpouring of herring. 

The Styli-plankton does not appear to occur every year in the same 
manner. In 1895, ^^ seems to have come right in to the shore as early 
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as the first few days of July {Hjort & Gran [99], Tab. i, Stations 14 — 19); 
but in September it had already almost disappeared. 



b. Peridinial Communities. 

9. Longipes-Plankton. 
(Northern Peridinial Plankton, Ostenfeld). 

Osienfeld describes ([99], p. 86) a nonhern peridinial plankton from 
the North Atlantic, where, in his opinion, its centre of distribution is 
north of Iceland in the summer. The characteristic forms are: 

Ceratium tripos v. longipes 
Peridinium dwergens v. depressa 

— ovatum 

— pallidum 

On the coast of Nordland an altogether similar plankton uccurs in May, 
June and July, though Peridinium pallidum is not actually proved to be 
present. In July, outside the belt of islands it is replaced by plankton 
communities with a more southern character; but in the fiords it remains 
longer, sometimes until September. Together with these Peridinia, there 
is found a majority of Calanus finmarchicus, which therefore, on the coast 
of Nordland, may naturally be referred to this community. 

The Longipes-plankton has also been observed by Clei'c, He looks 
upon it as a form of the northern neritic plankton, which again he 
considers to be a derived Tricho-plankton, and thus a community of 
West Atlantic origin. 

It is possible that the north Icelandic peridinial plankton, for instance 
in the spring, may be directly connected with the Nordland Longipes- 
plankton; but this is not a necessary supposition, and has not yet been 
proved. 

The Longipes-plankton embraces oceanic forms of northern origin, 
which have their maximum in the early part of the summer, and of 
which some individuals, at any rate, remain near the coast all the year 
round. Some may perhaps also come in with the volumes of oceanic 
water, but it is characteristic that these forms are found in greater quan- 
tities along the coast than in the open sea. 
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10, Tripos-plankton (Cleve). 

This plankton consists of Peridinia and Crustacea that are oceanic, 
but may remain near the coast all the year round, with a maximum in 
the warmest months, August to October. While the preceding community 
is of northern origin, the Tripos-plankton has its greatest distribution south 
of Nordland. 

This community is nearly allied to the Styli-plankton. Cleve con- 
siders it to be derived from Styli-pknkton that has approached the coasts. 
It frequently occurs mixed, partly with Styli-plankton, partly with the 
neritic autumn plankton of Nordland, Contorto-plankton. 

On the coast of Nordland, its appearance may vary considerably. 
It ought perhaps therefore to be divided up into special types with 
different biological characters; but a division of this kind can hardly be 
made on the basis of the material at present possessed. 

Characteristic forms: 

Ceratitim tripos 

— v. bucephala 

— » macroceros 

— fusus 

— furca 
Peridinium divergens 

— pellucidum 
Dinophysis acuta 
Cyttarocylis denticulata 
Ptychocylis urnula 
Acanthometra echinoides 
Microsetella atlantica 
Oithona similis. 

The number of individuals in the Tripos-plankton is very great, but 
the various species may vary in the frequency of their occurrence. 
Sometimes Ceratium tripos predominates, sometimes C. furca^ and again 
in other places, Ceratium tripos v. macroceros and C fusus. Cyttarocylis 
denticulata, Acanthometra^ Microsetella and Oithona may also in different places 
each appear in such quantities as to determine the character of the plankton. 

But it is diffiicult to draw sharp boundary-lines between all the 
forms that this summer plankton can assume. The following facts are 
common to all the species: 

5 
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(i) That they are oceanic, 

(2) That they are found in especially large numbers upon the coast, 

(3) That they can remain on the coast all the year round, and 

(4) That on the coast they have their maximum from August to 
October, the warmest months in the sea. 

The first three characters they possess in common with the type 
species of the Longipes-plankton ; but the latter have not their maximum 
in the summer, but from May to July. 
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Quantitative Plankton Investigations. 

In order to obtain an idea of the abundance of the plankton, a 
quantitive bag, after Hensens model, was employed after August, 1898. 
It was fiarnished with a closing mechanism, constructed by C. G. Joh. 
Petersen [98]. The opening was of the same size as in the bag used by 
Petersen himself, namely, about 0.09 sq. metres. 

The quantity of plankton is determined by weighing the preserved 
samples in the manner employed by Petersen. The figures obtained by 
this method do not give any exact result. On the one hand, the alcohol 
extracts some of the dry substance of the organisms, and not an equal 
amount in all the forms (cf. Brandt [98]); on the other hand — 
and this is a more serious source of inaccuracy — it is not possible to 
remove the liquid (alcohol) that is retained by the force of capillarity 
between the organisms; and the various organisms retain very various 
quantities. Diatoms and Radiolaria, which leave comparatively large spaces 
between the cells when they sink together, on being weighed increase the 
total weight with disproportionately large values, while Peridinia and 
Crustacea collapse much better. 

The same disadvantage attaches to the method employed by Hensen, 
Schutty etc. for measuring the volume of the plankton samples; here too, 
the diatoms give too high values. I have also tried this mode of proce- 
dure; it may give results that are almost as good as those obtained by 
weighing, but it takes longer. 

Hensens method of counting, which is the most exact hitherto 
attempted, is too laborious to admit of its being employed at the initia- 
tory stage at which these investigations still stand. It is first of all 
necessary to obtain a large number of observations in order to get a 
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general view ot the various factors that influence the distribution of the 
plankton. When the preliminary survey is obtained, the time has come 
to work out the results in detail by an exact, but laborious method. 
And before it is taken into general employment, it must be ascertained 
that the collection is actually quantitative. Several writers have shown 
that a number of small organisms slip through even the finest silk gauze, 
and it is perhaps of still greater consequence that many of the larger 
organisms are frightened away by the pressure that arises round the net. 
According to my experience, which is certainly that of many others 
before me, it is of the greatest importance to use coarse-meshed gauze 
in addition to the fine-meshed, as the latter is less fitted for the capture 
of larger organisms. I have attempted to determine approximately the 
distribution of Calanus finmarchicus by counting, as mentioned above 

(p. SI). 

The figures obtained by the weighing-method are at any rate a 
standard of the abundance of the plankton, by which the several samples 
can be mutually compared; and as Petersen has employed a similar bag, 
the plankton in Nordland can also, to a certain extent be compared with 
the samples from the Skagerrak which he has examined, and also with 
some samples from the Christiania Fiord which are mentioned in Hjorts 
and my work in this volume [oo]. 

The quantity of plankton in Nordland is not to be compared with 
the quantities that may be found in the Kattegat and Lim Fiord. The 
richest plankton sample that I have from northern Norway, I took outside 
Eids Fiord in Vesteraalen, on September 22nd, 1898, from a depth of 
40 metres up to the surface. It weighed 2.84 gr., and contained great 
quantities of diatoms (Rhizosolenia alata), but also many Peridinia and 
Crustacea (cf. Table V. Station E4). A sample from Gratangen Fiord in 
the province of Tromso, taken on August 31st, 1898, from a depth of 
30 metres up to the surface, was perhaps still richer. Its weight was 
2.54 gr., and as it consisted almost exclusively of Crustacea (Microsetella 
atlantica), it was probably richer in substance than the sample from Eids 
Fiord (cf. Table VI). 

In Lim Fiord, Petersen has taken samples that have contained as 
much as 27 gr.; and even out in the Kattegat he found (May 25th, 1897) 
near Laes0 channel, at a depth of from 7 to 10 fathoms, no less than 13.5 
gr of plankton. Both these samples contained great quantities of diatoms. 
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In the coast-waters of Nordland, the plankton is thus much poorer 
than in the Kattegat and in Lim Fiord. Samples weighing more than 
2 grammes are a rarity, even in the summer and autumn. 

The richest of all the samples taken from a depth of 20 metres up 
to the surface, weighs 2.46 gr. (Bodo, September 5th, 1898, Tab. IV), 
and the poorest, 0.04 gr. (Narvik in Ofoten, Station Oi, September 25th, 
1898). The average weight of 39 samples is 0.68 gr. The maximum, 
minimum, and mean of 36 samples taken from depths of 20 to 40 metres, 
are as follows: 

Maximum * Minimum Mean 

1.73 gr. o.oi gr. 0.50 gr. 

and of 25 samples, taken from depths of 40 to 60 metres, 

1.85 gr. 0.05 gr. 0.37 gr. 

The plankton is thus generally richest in the upper water-strata, but 
the difference is not always equally marked. At the beginning of the 
summer, when the water deep down is still cold, while the surface-layers 
to a depth of from 10 to 20 metres have become warmed, these surface- 
layers are as a rule quite rich in plankton, while the deeper layers are 
very deficient. Later in the autumn, when the difference in temperature 
is gradually equalised, the plankton as a whole becomes more abundant, 
and is somewhat more evenly distributed downwards, at any rate to a 
depth of 50 metres. 

But there are many exceptions to this rule. In the belt of islands 
and out on the coast-banks especially, where the currents may be strong, 
layers of water may be found one above another of different origin, and 
with different plankton; and in such a case, the lower layers may be 
richer than the surface-strata. The abundant plankton of Calanus 
finmarckicus, which is found in the fiords in the early summer, also often 
forms an exception to this general rule. Calanus is frequently just as 
numerous in the depths as in the surface-layers; and in the fiords it 
sometimes appears in such great quantities as to constitute the bulk of 
the plankton collected. 

As a rule, most plankton is found in the belt of islands, or just 
outside it, while the quantity decreases both up the fiords and out 
towards the open sea. A few figures will most clearly demon- 
strate this. 
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September, 1898. 

o — 20 m. 0.42 gr. 

•-, I \j j:>kj 111. v^.iV 1*1 • w \\j 111. X.4.JL Ki. 

E2^ -^^ ^ -^ ^^ ^ 20—40 < 0.29 € 

40 60 € 0.13 « 
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July, I 


899. 


August, 


1899. 


— 20 m. 


0.39 gr. 


— 50 m. 


1.41 gr. 


20 — 40 « 


0.36 « 


50 — 100 « 


0.18 « 


— 20 m. 


0.69 gr. 


— 20 m. 


0.1 s gr. 


20 — 40 < 


1.49 € 


20 — 50 < 


1.65 « 


50 — 100 « 


0.12 « 


50 — 100 € 


1. 00 « 


— 20 m. 


0.16 gr. 






20 — 40 € 
50—100 « 


0.95 « 

0.62 € 


— 20 m. 
20 — 50 « 


0.69 gr. 
0.45 € 



o — 40 m. 2.84 gr. 
40 — 60 « 0.53 « 



o — 20 m. 1.34 gr. 
E6^ 20 — 40 € 0.95 « ^ ^^ "** ^'"^ ^'* 20 — 40 < 0.16 < 

40 — 60 « 1.08 < 

Quantitatively, the coast plankton has, on the whole., its maximum 
in August and September, as may be seen from Table IV; but there are 
many factors which interfere, and make the matter very complicated. 

Quantitative phnkton investigations have not yet been made in 
Nordland in the winter and spring; but judging from the samples collec- 
ted at R0st and Her0 (Tab. XI — XIII), it may safely be said that at no 
season of the year is there such an abundant plankton as in August and 
September. The plankton seems to have its absolute minimum during 
the first few months of the year — January to March; but in April and 
May, there is a secondary maximum, which is first due to the revival of 
the arctic neritic diatom-plankton. 
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The Annual Periods of the Coast Plankton. 

The plankton on the coast of Nordland varies in abundance and 
composition with the time of year, Uke the plankton of the Skagerrak 
or the North Sea. As I shall show in the next section, the plankton at 
any rate in the summer, is of a different character out on the banks, in 
the belt of islands, and in the deep fiords; and it is probable that this 
difference asserts itself all through the year. 

But the researches that have hitherto been made in the winter and 
spring, are almost without exception taken in or just outside the belt of 
islands. Only a few of Nordgaards samples havje been taken either out 
on the banks, or in the confined fiords; and they are not sufficient to 
give any complete series for comparison. We must therefore content 
ourselves with a general view of the plankton of the belt of islands at 
various seasons of the year. 

Up to the present, there are connected series of samples all through 
the year from Her0 in Helgeland (Tab. XI, XII) and from Rost in Lo- 
foten (Tab. XIII). The series from R0st is perhaps the most illustrative. 
The samples were collected by Mr. J. Nilsen, Rost. Table XIII begins 
with July, 1898; the plankton is not yet very abundant, and consists of 
Peridinia, especially the characteristic forms of the Tripos-plankton. 
Later in the summer it increases in abundance. In September, great quan- 
tities of Rhizosolmia alata are found, consequently Styli-plankton ; but in 
October this has already vanished or withdrawn from the shore. In 
September and October some neritic diatoms are found, but in no great 
numbers Halosphara viridis appears for the first time at the beginning 
of September. 
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The characteristic forms of the Tripos-plankton (Ceratium tripos, 
macroceros, fusus, furca^ Microsetella ailantica, Oithona similis) appear to 
have their maximum in September and October. From the beginning of 
November, they decrease in quantity, and then no new element appears 
in the coast-plankton until the latter half of March. 

The plankton therefore becomes continually poorer and poorer. It 
iias its minimum during the first three months of the year, when it 
consists only of Halosphara, a scanty Tripos-plankton, and a few speci- 
mens of the Coscinodiscns species, which form the oceanic winter plankton, 
(Disco-plankton). This plankton community, according to Nordgaards 
investigations (Hjort & Gran [99], Tab. 5), is found well represented 
outside Lofoten during the winter months. 

In March and April, an abundant Taenio-plankton is found, in which, 
at R0st, Fragilaria oceanica and Chcetoceras furcellatum are the species 
occurring most frequently. At the same time and a little later, an abun- 
dant Phaeocystis-plankton is found, lastly in May and June come the 
northern Peridinia (Ceratium loitgipes, etc.) and Calanus finmarchicus. In 
the beginning of July, 1899, an abundant Nitzschia-plankton was found at 
R0st, and also outside Vesteraalen. 

The tables for Hero (XI, XII) show that as a whole, the plankton 
is the same as at Rost, It is richer in larvae of litoral animals, and in 
other neritic forms; but on the other hand, the oceanic communities are 
more scantily represented. The developmental series is the same — for 
instance, in 1899: 

Jan. to March — a scanty Tripos-plankton and Halosphara viridts. 

April — Taenio-plankton, Chcetoceras sociale predominating. 

May — Phaocystis-planktofi. 

May to June — Longipes-plankton — Calanus finmarchicus with nor- 
thern Peridinia (Peridinium depressmn, P. ovatum). 

July to Oct. — Abundant Tripos-plankton, which is sometimes (July 
I, 15, Sept. i) replaced by a neritic Skeletonema- 
plankton, less frequently mixed with Styli-plankton 
(Aug. 15). 

Oct. to Dec. — Diminishing Tripos-plankton, Halosphara viridis. 



Digitized by 



Google 



General View of the Distribution of tlie Plankton 
in the Summer and Autumn. 

As it was important to prove the relation in which the various 
plankton communities stood to the coast Itself, the investigations were as 
far as possible carried out so as to obtain to some extent simultaneous 
observations out on the coast-banks, in the belt of islands, and inside a 
fiord. And in order to see how the conditions change with the seasons, 
these observations were repeated as often as the amount of the govern- 
ment grant permitted. 

After the preliminary investigations in 1898, Eids Fiord in Vester- 
aalen was 'chosen as the point of departure. This fiord, which is one 
of our most renowned herring-fiords, lies so close to the open sea, that 
it does not take long to get from it out to the Vesteraalen edge, 
where the bottom slopes steeply down to the great depths of the North 
Atlantic. 

Before stating the general results, I will give a short survey of the 
several investigations, beginning with Eids Fiord and its surroundings, 
where the most minute investigations were made 

Eids Fiord in Vesteraalen, 1898 — 99. 
July 4 & s, 1899 (Tab. VII). 

On July 4th and 5th, 1899, the plankton both inside and outside 
the fiord, had a pronounced northern character (Tab. VII). Inside the 
fiord, at Stations E2 and Ea, considerable quantities of Calanus finmarchicus 
were found ; and of algas, Ceratium longipes and Peridinitim depressum were 
found, and in the surface-layers, Chatoceras criophilum. The plankton 
may thus be characterised as a pronounced, and fairly pure, northern 
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peridinial plankton, or Longipes-plankton, With large, wide-meshed bags, 
Calanus finmarchicus might be taken in great quantities from the deeper 
strata; the haul then consisted almost exclusively of this species, though 
sometimes, too, with large quantities of Ctenophora and a few other 
northern or arctic forms, such as Calanus hyperboreus and Spadella hamaia. 

Just outside the belt of islands (E4), and out on the coast-banks, 
plankton of an altogether different character is found. Calanus finmar- 
chicus is here so rare that the quantitative bag did not bring up a single 
specimen. In its place were found great quantities of diatoms, especially 
oceanic, northern forms (Nitzschia delicaiissitna), but also some neritic 
species [Chcetoceras debile^ Ch. laciniosum). Besides the characteristic forms 
and the neritic species, it also contains some Peridinia, especially Ceratium 
longipes and Peridinium depressum. 

The Nitzschia plankton occurs only as a strip just outside the belt 
ot islands. Near the Vesteraalen edge (Station Ec), only Peridinia and 
Crustacea are found — a fairly typical Peridinia-plankton. The northern 
Styli-plankton, which becomes very abundant later in the summer, is as 
yet found only in small quantities. 

July 17—25, 1899. Table VIII. 

During the half month that has passed since the last investigation, 
conditions have changed. Hydrographic investigations show that some of 
the cold water that was found in the fiord in the beginning of the month, 
has been displaced by volumes of salter water, which has flowed in along 
the bottom. The abundant fauna of northern forms (Calanus finmarchicus, 
Spadella hamata) has also been very much reduced; but the surface- 
plankton in the fiord (St. Ei and E2) has still preserved its northern 
character, and is still a fairly pure Longipes-plankton. At the innermost 
station there is moreover a neritic Skeletonema-plankton. 

The Nitzschia-plankton has now penetrated to the mouth of Eids 
Fiord (St. Ea), where it appears in great quantities. Outside the belt of 
islands, at St. E4, it still predominates at a depth of from 20 to 40 metres; 
but in the upper strata, down to 20 metres, a southern Peridinia-plankton 
is found — Tripos-plankton — , and deep down, the Styli-plankton begins 
to assert itself Tripos-plankton is found in the surface-layers over the 
Vesteraalen edge; and in depths of from 20 to 40 metres, an abundant 
Styli-plankton. 
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Calanus finmarchicus now has its maximum in the deeper strata at 
St. E4; but otherwise its occurrence is rather scattered. 

August, 1899. Table X. 

During August, the Longipes-plankton completely disappears, even 
from the innermost part of the fiord. The characteristic forms, Ceratiuin 
longipes, Peridinium depressupi, P. ovatum, are indeed still found, but only 
as minor constituents of the entire plankton. The bulk now consists of 
the Tripos-plankton's characteristic forms, Ceratium tripos, macroceros, fusus, 
furca, Peridinium divergens, Dinophysis acuta, Cyttarocylis denticulata^ Oithona 
similis, Microsetella atlantica. 

Inside the fiord, these reign almost alone. On the 26th Aug. at 
Station E4, the Tripos-plankton predominated from the surface down to a 
depth of 20 metres; but deeper down there is a very abundant Styli- 
plankton. Over the Vesteraalen edge, the St^^li-plankton is almost pure. 
In August, Halosphcera viridis was found only out on the edge; in Sep- 
tember it comes right in to the shore. 

Calanus finmarchicus is very scarce in the fiord, but increases in 
quantity out towards the Vesteraalen edge. 

July to September, 1898. Table V. 
In 1898, Eids Fiord still had a pronounced northern peridinial 
plankton (Longipes-plankton) even in the last few days of July. On Au- 
gust 29th, the plankton was very abundant, but it was now southern forms 
that predominated, especially those species that I have classed as charac- 
teristic of the Tripos-plankton of Nordland, but also some that belong to 
the Styli-plankton. On September 22, 23, the Tripos-plankton still pre- 
dominates in the fiord (Station E2), and at the mouth (Ea), chiefly Tripos- 
plankton is found from the surface to a depth of 40 metres, while from 
40 to 60 metres down, the Styli-plankton predominates. Outside the 
fiord, the Styli-plankton is found in large quantities right up to the sur- 
face. Just outside the belt of islands (E4), great quantities of Peridinia 
are also found (Tripos- plankton); and farther out, the Styli-plankton is in 
some measure pure. Spirialis retroversus appears in considerable quantities 
at Station Ee. 

Calanus finmarchicus is found in larger numbers outside the belt 
of islands than inside the fjord, and most numerous out over the 
Vesteraalen edge. 
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The actual quantity of plankton, this time as in all the other 
investigations, is greatest just outside the belt of islands, at Station E4. 



On comparing all the four tables, it will be seen that the northern 
plankton forms remain during the early summer, both in the fiord and 
out on the coast-banks; but they are replaced gradually by southern 
species. The change begins from without, and the northern forms hold 
their ground longer inside the fiords. Where one plankton-community is 
dislodging another, the new communit}^ appears in the deeper layers, 
while the species that are being displaced are iound in the surface-layers. 
This rule, however, only applies to vegetable plankton ; Calanus finniar- 
chicus disappears from the surface-layers as they become warmer, and as 
summer advances, it goes deeper and deeper. 

This development shows that the ocean-currents are of great im- 
portance to the occurrence of the plankton organisms on the coast. If 
the coast-waters with all their organisms had been stagnant, the summer 
heat would have first made itself felt close to land and inside the fiords, 
and the southern forms would have been able to develope there first. 
But, leaving out of consideration the uppermost layer close to shore, the 
heating of the water begins from without, and the southern organisms 
are not found in the fiord until about a month after their first appearance 
out over the Vesteraalen edge, and several of them never get into the 
fiord at all. It must thus be the currents that in the course of the 
summer alter the character of the plankton, either directly, by bringing 
southern forms northwards along the coast, or indirectly, by bringing 
heated water in tow^ards the land, and thereby hastening the development 
of the local summer forms. 

In the belt of islands and just outside it, where the summer plankton 
is most abundant, the volumes of warm water brought by the coast cur- 
rents are deepest and greatest. 

Neritic forms are scarce outside Eids Fiord; they are partly sub- 
arctic diatoms, partly larvae of litoral animal species. Cirripedia larv^ 
play a conspicuous part in the plankton of the belt of islands, especially 
in July. 
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Plankton from Bodo. 
July to October, 1898. Table IV. 

A general view of the development of the summer plankton in the 
belt of islands, is obtained from Table IV. Quite an abundant 
Longipes-plankton, and some neritic diatoms are found on July i8th on 
the surface; the deeper strata are more deficient in plankton, but there 
are a few specimens of Calanus finmarchicus. On the 4th August, the 
southern Peridinia (Ceratium macroceros) have displaced the northern; the 
plankton is abundant in the upper strata, but deep down, where the water 
is still cold, there is practically hardly any plankton (0.02 grammes in 
50 — 70 metres depth). 

By the middle of August, the plankton has become more abundant, 
the characteristic forms of the Tripos-plankton predominating, such as 
Ceratium macroceros and especially Acanthonieira echinoides. The unusually 
great weight ol the plankton samples of this time (1.97 gr. Aug. 17) is 
mainly due to Radiolaria. 

Great quantities of Halosphara appear for the first time on Septem- 
ber 5th. The Styli-plankton, moreover, has now penetrated farther into 
the belt of islands; it is rather scarce in the upper strata, but from 40 
to 60 metres down, great quantities of Rhizosolenia alata are found with 
auxospores. The sample taken from a depth of 20 metres up to the sur- 
face, is the richest I have obtained from Bodo (2.46 gr.); it consists of 
the characteristic forms of the Tripos-plankton. Among the Peridinia, 
the predominating species are Ceratium furca and C bucephalum. 

On the 27th September, the quantity of plankton is already on the 
decrease. Its character is still Tripos-plankton with the characteristic forms 
of the Styli-plankton as subordinate parts in its composition. 

On October i8th, there is once more rather more plankton. Besides 
Tripos- plankton and Halosphara, there are some neritic diatoms. 

The development at Bod0 in 1898, is thus on the whole the same 
as outside Eids Fiord in 1899. ^^ ^^^ investigations at Bodo were made 
inside the belt of islands, the station may best be compared with Station Es. 
Nitzschia-plankton was absent from the samples from Bodo, which are 
especially remarkable for the large quantities of Acanthomttra in August. 
Otherwise there are no essential differences. 
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West Fiord and the Inner Fiords (Ofoten, Tys Fiord) 1898. 

Table III. 

In July, 1898, the plankton was not very abundant in the outer 
part of the West Fiord (Station I — III). It consisted for the most part of 
Peridinia, especially Ceratium tripos^ macroceros and furca. Just outside 
the belt of islands at Bodo (St. I), some diatoms are also found, chiefly 
oceanic species. Rhizosolenia alaia is already found here in some abundance. 
Thus in its character, the plankton agrees best with Tripos-plankton, while 
Styli-plankton is still at its commencement. 

In the innermost part of the West Fiord (Station VI, between 
Skutvik and Skiaaven, St. Os, between Baroen and Lodingen), and in 
the inner fiords, Ofoten and Tys Fiord, the plankton has a more nor- 
thern character; there are great quantities of Calanus finmarchicus and 
Ceratium longipes is the predominating species of Peridinia. The prevailing 
community is thus Longipes-plankton. 

During the first half of August, the condition is still, in the main, 
unaltered inside the fiords. The quantitative investigations show that 
there are great quantities of Calanus finmarchicus especially at Liland 
(Station O2) in Ofoten. In Tys Fiord there are fewer, especially in the 
outer part by Korsnes (T2); but at Kj0bsvik (Ti) there are still some in 
the deeper layers. For the rest, the plankton both in Ofoten and Tys 
Fiord is pronounced Longipes-plankton. 

At the beginning of September, the plankton was very abundant 
in the lower part of the West Fiord (St. Vi and V2). It consists of 
southern Peridinia, of Rhizosolenia alata, Halosphara viridis and a great 
number of animals, among which there are numerous larvae of a sipho- 
nophoran, Physophora borealis. The character of the plankton is a mix- 
ture of Tripos-plankton and Styli-plankton, both communities very abun- 
dantly developed. Calanus finmarchicus is also found in large quantities, 
especially younger specimens. 

In Ofoten, investigations were repeated on the 25th September 
when the plankton had already become much poorer than it had been 
in August. Calanus finmarchicus was still found not infrequently, especi- 
ally at Liland; but at this time of year, it is more numerous outside the 
belt of islands than in the fiords. Of the remaining organisms, Ceratium 
longipes is still predominant in. one of the samples from Liland (40 — 60 
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m.); but otherwise the southern Peridinia are at any rate fully as com- 
mon (Ceraiium tripos and macroceros). 

Ofoten, 
July 28th, 1899. Table IX.*) 

The mvestigations which I carried out in Ofoten in 1899, I made 
for the purpose of finding out whether Calanus finmarchicus occurred in 
the same manner as in 1898. It appealed that it was found in great 
quantities, as in July and August, 1898. I have already mentioned this 
circumstance more particularly in my discussion of this species above. 
The other component parts of the plankton are also, on the whole, the 
same as in 1898; most of them belong to the Longipes-plankton. There 
are almost no nentic forms found inside the fiords, with the exception 
of Skeletonetna costaium and various forms of the genus Tintinnopsis. Out 
at the mouth of the fiord, however, abreast of Lodingen (St. Os), there 
are also some neritic diatoms. The occurrence of the oceanic, northern 
diatoms, Chatoceras criophilum and decipiens, which I have mentioned 
above (page 62), is quite peculiar. 



The investigations in the West Fiord and its innermost branches 
show the same results as the study of the Eids Fiord plankton. The 
open part of the West Fiord has almost the same plankton as the coast 
banks outside, as the water is in unimpeded communication with the cur- 
rents along the coast. But in the innner fiords, the water is much 
stiller. 

We saw that the northern plankton remained in Eids Fiord all 
through July, while outside, on the coast-banks, there were southern 
forms. But in August, some at any rate of these had also penetrated 
into the fiord, which thus came to have a very rich plankton. The 
northern foi:ms, in the mean time, decreased in number. 

This change in the character of the plankton takes place much more 
slowly in a deep fiord like Ofoten than in Eids Fiord. On July 28th, 
1899, when the Longipes-plankton with Calanus finmarchicus had already 



*) By a mistake, August appears in the table instead of July. 
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greatly decreased in Eids Fiord, it was -still found unmixed and in great 
quantities in Ofoten. As already mentioned, it was still found there, in 
1898, in the middle of August, and even at the end of September it had 
not altogether disappeared, and only very few of the southern forms were 
found, which lived at the same time out on the coast-banks 

It would thus appear that the abundant plankton that is charac- 
teristic of the coast-banks in the summer and autumn, has not time to 
get into Ofoten before it decreases in abundance when the water cools 
down in the autumn. 

Autumn Plankton from the Fiords in the Northernmost 

Part of Norway. 

Table VI. 

In October, my assistant, Henrik Pedersen, collected some plankton 
samples in the inner arms of Asta Fiord in the province of Tromso, and 
in 0x Fiord in Finmark. Both places had the greatest abundance of 
neritic diatoms in their plankton, that I have ever found in northern 
Norway either in the summer or autumn. This neritic diatom community, 
which I have named the Contorto-plankton, I have mentioned at greater 
length above. 

Among the neritic species, there are also some oceanic diatoms. In 
the branches of Asta Fiord (Gra Fiord, Gratangen, Salangen) these are 
especially Nitzschia delicatissima^ Chwtoceras decipiens, and ThalassiothrixFraum- 
feldii, all northern forms. In 0x Fiord, on the other hand, it is the 
characteristic forms of the Styli-plankton that accompany the neritic dia- 
toms (Rhizosolenia alata, styliformis, Shrubsolei, Stolterjothii) ; the neritic spe- 
cies also have a somewhat more southern character, Chatoceras curvise- 
turn, for instance, being found only in 0x Fiord. 

With regard to the reason of this peculiar circumstance, nothing 
can as yet be said, as there have been no simultaneous investigations of 
the coast-banks outside the fiords. 

The reason why there is a more abundant neritic plankton in the 
most northerly parts of Norway than in Nordland, is probably that in 
the north there are larger tracts of shallow water. 
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If we now compare the results of all these investigations, we shall see 
that the plankton along the coast changes in the course of the the sum- 
mer, and the change begins out on the coast-banks, then comes in to 
the belt ot islands, but does not assert itself in the fiords until much 
later, sometimes not at all. 

As I have already said, this is a proof that the changes are contin- 
gent on ocean currents, which are continually bringing fresh volumes oi 
water in to the coast. The water in -which great quantities of Calanus 
finmarchicus and northern Peridinia (Longipes-plankton) live, is found 
about the belt of islands in May and June; in July, the same species 
only live in the fiords, while the island-belt has first a Nitzschia plankton, 
then plankton communities of more southern origin. Tripos-plankton 
and Styli-plankton. Tripos-plankton is not found, for instance, in Eids 
Fiord until August. Styli-plankton seldom comes into the fiord. 

It does not necessarily follow from this that the greater proportion 
of the plankton organisms of the coast-waters are only visitors that come 
in with the volumes of water from neighbouring or distant regions. The 
influence of ocean currents may also be indirect; the warm water which 
they bring northwards every summer, may awaken to growth and pro- 
pagation the scanty fauna and flora that has survived the winter along 
the coast, either in quiescent stages on the bottom, or as solitary free- 
floating individuals in the fiords. 

It is probable that the ocean currents act both directly and indirectly 
in enriching the plankton of the coast- waters; and many investigations 
will still be needed to decide how large a proportion of the plankton 
comes in from without, and how much developes from the coast-water 
itself. For the present, it can only be affirmed that the ocean currents 
are of decisive importance. 

In 1898 and 1899, the periodic changes of the plankton seem to 
have taken place on the whole in the same manner. Nitzschia-plankton 
was not observed in 1898; but the investigations were not begun that 
year until the 15th July, and it is therefore possible that it has been near 
the coast, but had disappeared before the commencement of the investiga- 
tions. Another minor difference is that the Styli-plankton (Rhizosolmia 
alata, etc.) in 1898, seems to have had its maximum in September, while 
in 1899, it occurred in greatest abundance in August, and in September 
was already diminishing in the belt of islands. 
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In 1895, on the other hand, the change seems to have taken place 
in a somewhat different manner, as will be seen from Hjoris samples 
{Hjort & Gran [99], Tab. i). The working-up of the samples was done 
in 1896, before the results of most of the investigations of subsequent 
years were published. I could not therefore take notice of the various 
forms that have since been separated, especially among the Peridinia. 1 
have therefore again gone through some samples, and here append the 
contents of some of the most important. 

The two sections Bodo — Rost — Vesteraal's edge, on July 9, 10, 
and Aug. 28 to Sept. 3 are the most important. The subjoined table 
(page 83) shows the composition of the plankton at 5 selected stations. 
Stations 15, 16 and 37 lie west of Rost, 18 and 34 in the lower part 
of the West Fiord. 

It will be seen from this that the Styli-plankton was found in 
great quantities as early as the first half of July, and in August and 
September it had greatly diminished. The northern Longipes-plankton 
has practically disappeared in July, and only small quantities of Nitzschia- 
plankton are found just outside Rost at Station 16. The characteristic 
forms of the Tripos-plankton are found in great quantities both in July 
and in September, Ceratium tripos var. bucephala being especially plentiful 
in September, as also Dinophysis acuta. 

The various plankton communities appeared in 1895 in about the 
same consecutive order as in 1898 and 1899, ^^^ ^^ ^895 they were 
found earlier in the year. The abundant Styli-plankton seems to have 
had its maximum i or 2 months earlier in 1895 ^^^^ ^^ 1898 
and 1899. 

The causes of this difference are not at present known. It may 
perhaps have something to do with the circumstance that in the summer 
of 1895 there seems to have been a more abundant flow of salt oceanic 
water to the coast than in the last two years. This is a matter which 
ought to be more carefully examined into; for if these variations can be 
explained, we shall have come very much nearer to a comprehension of 
the vital conditions of the organisms in the coast-waters. 
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The general results that can be drawn ifrom my investigations of 
the coast-plankton of Nordland, may be summed up as follows: 

1. Neritic organisms in the narrower sense, are only found in small 
quantities on the coast of Nordland, even if the number of neritic 
species is not inconsiderable. Some of the neritic forms are arctic 
and vegetate in the plankton, principally in April, some sub-arctic, 
with their maximum in September and October. The bulk of the 
plankton consists of oceanic organisms. 

2. Some of these oceanic organisms must be regarded as visitors from 
the North Atlantic. They come from without over the coast-banks, 
but seldom go farther in than to the belt of islands, e. g. Nitzschia- 
plankton, Styli-plankton. 

3. The various organisms or communities of organisms have their 
maxima near the coast in the same consecutive order, and about 
the same season of the year, in the different years. Changes in the 
composition of the plankton first appear out on the banks, then in 
the belt of islands, and lastly in the fiords. 

4. The greater part of the plankton is formed of such oceanic organisms 
(Peridinia, Crustacea) as are found along the coast all the year round, 
but in small quantities. At certain fixed times of the year, the 
individual number of each species is greatly increased, partly perhaps 
by multiplication of the local stock, but probably also by an influx 
from without. 

All these species have a very wide distribution. The species 
belong to two rather clearly separated communities, a northern 
Peridinia-plankton (Longipes-plankton), and a southern plankton 
(Tripos-plankton). 

5. The characteristic forms of the northern Peridinia-plankton are 
Ceratinm tripos var. longipes^ Peridinium divergens v. depressa, Peridinium 
ovalutn, and of animals, Calanus fintnarchicus. 

These forms have their maximum outside the belt of islands 
in May and June, in the fiords in July, and in the deepest water 
late in August. 

6. The southern Peridinia-plankton (characteristic forms, Ceraiium tripos 
var. genuina and var. macroceros, Cyttarocylis dmticulatay Oithmia 
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similisj MicroseUlla atlantica) is found outside the belt of islands most 

abundantly from July to October, in the fiords in August and 

September. 

The actual quantity of plankton is greatest as a rule between the 

islands in the belt, and just beyond them. From the belt of islands, 

it decreases both outwards towards the open sea, and inwards in the 

fiords. 
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111. Connection between Hydrographic and Biological 

Conditions. 

It appears from the foregoing that the distribution of the organisms 
in the coast-water is closely connected with the hydrographic conditions. 
But the matter is exceedingly complicated, and not yet by any means 
cleared up. As the investigations are still to be continued, I will here 
only give a short account of the knowledge we at present possess towards 
the solution of the principal questions. 

The problems that have been the special object of my researches, 
and which must continue to be studied in the immediate future, may be 
summed up in the two following principal questions: 

1. Can any conclusions be drawn from the composition of the coast- 
plankton, as to the origin of the volumes ot water that move in 
towards and along the northern shores of Norway ? 

2. Can the current-system of the North Atlantic have such an effect 
upon the hydrographic and biological character of the coast- water, 
that it can influence the wanderings of the summer herring, and 
directly or indirectly produce the great irregularities in the in-pouring, 
that occur from year to year? 

Neither of these questions can yet be fully answered, but there 
are various circumstances which indicate that with continued, more com- 
prehensive investigations, there wall be a possibility of coming to a satis- 
factory solution. 

I. The Geographical Origin of the Coast-Plankton. 

As mentioned above, the coast-plankton of Nordland consists partly 
of southern, partly of northern forms. Most of these may remain on the 
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coast all the year round, at any rate in small quantities; but the local 
supply seems at any rate to be renewed to a large extent by influx from 
without. 

The southern forms appear especially in the summer and autumn. 
The most important plankton communities with a southern character are 
the Tripos-plankton (page 65) and the Styli-plankton (page 62). These 
two communities make up the greater part of the summer and autumn 
plankton of the coast-water, and they show a resemblance both to the 
summer plankton of the Gulf Stream, and to the plankton community 
that is found at the same season of the year on the shores of the North 
Sea, especially the coast of Norway. It is not as yet possible to make 
out how many of these southern forms are stationary by the coast, and 
how many of them come north every summer with the coast-currents 
from Norway's west coast, or with the Gulf Stream. This much may be 
said with certainty, namely, that a great part of the abundant plankton 
that is to be found above the coast-banks of Nordland in the summer, is 
of foreign, southern origin; and even the organisms that develope on the 
spot, must be accelerated in their development by the improved vital 
conditions produced by the volumes of warm water from the south. 

The northern organisms are found in greatest quantities from March 
to June, in the fiords sometimes up to July. They form several natural 
plankton communities, of which the most important is the nor- 
thern Peridinia-plankton, or Longipes-plankton. The Longipes- plankton 
on the coast of Nordland agrees accurately in its composition with a 
similar communit}^, which according to Ostenfelds investigations, is charac- 
teristic of the east Icelandic polar current in the summer. This agreement 
indicates that there may be a direct connection between the water .of the 
polar current and the coast- water off Nordland, even if this biological 
accordance does not constitute any decisive proof. The question has not 
yet been investigated as to the distribution of these organisms over the 
North Atlantic at that season (March to May), when they might be assumed 
to drift from the polar current into the Norwegian coast-water. But, as I 
have mentioned more fully in the first section (page 9), there are several 
circumstances which indicate that the water of the east Icelandic polar 
current at the coldest time of the year, may be in direct communication 
with the Norwegian coast-water off Stadt, and that probably the water of 
the polar current unites all the year through with that portion of the 
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Gulf Stream which moves from the Faro and Shetland channel north-east 
to northern Norway and Spitsbergen. 

The northern plankton organisms, which fill the Norwegian coast- 
waters in the spring months, are therefore undoubtedly biologically depen- 
dent upon the polar current having shortly before had its annual maximum, 
even if they do not from a geographical point of view, require to origi- 
nate from the north-west part of the North Atlantic. This last is especially 
applicable to the arctic neritic diatoms (Taenio-plankton, cf. page 57), which 
in all probability are stationary near the coast, where they may be supposed 
to rest upon the bottom all the year round, but which arc only found 
in the plankton in March and April, when the coast-water has its annual 
temperature-minimum. 

In the summer, the cold volumes of water that remain in the fiords, 
may be known by their arctic organisms (Longipes-plankton) As the 
water is gradually driven out, the greater part of the organisms also 
disappear. 

If the results are employed with caution, the plankton investigations 
may therefore afford valuable hintsjas to the origin of the water. 

2. The In-Pouring of the Summer Herring. 

The investigations made up to the present are altogether insuffi- 
cient to allow of a well-founded opinion being formed with regard to the 
irregularity in the influx of herring. Sars has found that the her- 
ring lives on the organisms found in the coast-water in the summer 
(Calanus finmarchicus, Boreophausia inermiSy Spinalis retroversus), and he 
brought forward the theory that the . in-pouring takes place because there 
is a much more abundant animal life on the coast-banks than out in the 
open sea. My own researches (cf. page 69) also confirm the theory that 
the actual quantity of plankton decreases from the belt of islands out 
towards the open sea. 

Hereby, however, Sars's theory is not yet proved, however resonable 
it may seem. And if it is correct, it will still be difficult to understand 
that variations in the distribution of the plankton organisms should in 
themselves be the cause of the herring one year coming to land in great 
shoals, and the following year only in comparatively small numbers, and 
perhaps at altogether different places. 



Digitized by 



Google 



- 89 - 

In the summer of 1898, very little herring was found on the coast 
of Nordland. In the latter half of July and the beginning of August, 
however, some was fished, especially in Ofoten and the upper part of the 
West Fiord. The simultaneous plankton investigations showed that just 
at these places, considerable quantities of Calanus finmarchicus were found. 
In other places, on the other hand, where there was' no fishing worth 
mentioning, e. g. Tys Fiord and Eids Fiord, Calanus finmarchicus was 
scarce, and other rather larger plankton organisms were not found either. 
Later in the autumn, the number of Calanus decreased in Ofoten, while 
at the same time the herring-fisheries also gradually ceased. The last 
herring were caught in a net among the sea-weed close up to land, where 
they had probably been seeking their food among litoral organisms. On 
another occasion, I found remains of bottom animals in the stomach of 
some herrings that had been taken in a net close to shore. 

These observations agree with Sarss view that the herring, at 
the time of its in-pouring, seeks those places where there is most food; 
but this does not bring us much nearer to a comprehension of the causes 
of the pouring-in itself. 

Is is, however, highly probable that the current-conditions in the 
Noith Atlantic may be of the greatest significance both for the development 
and distribution of the plankton organisms, and thereby for the herring s 
migrations ; but the circumstances are so complicated that regular investi- 
gations will be required for a number of successive years, if any decisive 
results are to be obtained. In 1898 and 1899, when my investigations 
were carried out, the herring-fisheries in Nordland were a failure; there- 
fore from these investigations alone, no conclusions can be drawn as to 
the causes of the in-pouring of the herring; but it is to be hoped that 
they will nevertheless have some importance as a link in the chain of 
investigations that are to be carried out in this problem. 

Christiania. April, 1900. 
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Remarks on the Hydrosrraphical Tables. 

(From information supplied by Mr. S. Schmidt-Nielsen). 

The determination of the (salinity of the samples of water was made by the 
titration of lo com, with V5 normal solution of nitrate of silver, and with chromate 
of potassium as an indicator. 

From the amount of chlorine (Halogen) discovered, the salinity has been calcu 
lated as salt 0/00, according to the data given by Pettersson and Ekman [91]. 

The chlorine titration of the solution of nitrate of silver has not been fixed by 
the introduction of small portions of pure chloride of sodium, but by a solution 01 
chloride of a known strength. 

Such a solution of chloride was constantly employed for controlling purposes 
during the analyses, in order to eliminate, so far as possible, the errors which arise 
from the calibration of the pipettes and burettes, and the analyst's method of procedure 
while making the observations. 

In order that the results arrived at can be compared with those obtained by 
other hydrographers, a common sea water solution, c Standard >, was adopted and 
agreed upon, by arrangement with Professor O. Pettersson in Stockholm, in December 
1898, as a basis for the determination of chloride. The < Standard, i899» was 
prepared at the High School at Stockholm, and distributed to the various hydrographers. 
Its titration has been carried out by weight-analyses made, independently, by Swedish 
and Norwegian hydrographers. 

At the same time the « Standard > was introduced, it was agreed that, until 
further notice, the Manuscript Tables, compiled by Pettersson for the purpose, should 
be employed in calculating the amount of salt 0/00. All the Analyses given here, refer 
to < Standard ]899>. 

The samples collected in 1898 iTabies I- II) were analysed by Mr. S. Schmidt- 
Nielsen; those of 1899 (Table 111) by the Author. 

Pettersson' s isolating water fetchers, except where otherwise stated, were employed 
in procuring the samples of water from the depth, and observations of the temperature. 
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Utsire— Jan Mayen March 1898, % 

Capt. L. Tufte. 

Surface Observations. 
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3. Norway— Iceland, March 1898, *|s Heimdal, Capt. H. C. Hansen. 



March 



16 



17 



18 



19 



20 



12 

4 
8 

12 
4 
8 

12 
4 
8 

12 
4 
8 

12 
4 

' 8 

12 
4 

I « 
12 
, 4 

8 
12 
j 4 

8 



noon. I 
p. m.i 

night. 

a. m.j 

noon, 
p. ra. 

night.; 

a. m.l 

I 

I 

noon, 
p. m.l 

night. I 
a. m.^ 

noon. 
P ^ I 

night.! 
a m.| 

noon, 
p. m ' 



570 53' 
580 0' 
580 9' 
580 18' 
580 27' 
58" 38' 
580 49' 
580 65' 
590 1' 

590 9' 
590 15' 
59" 21' 
690 30' 
590 40' 
590 50' 
590 58' 
600 4' 
600 10' 
600 15' 
600 20' 
600 6' 
60'» 30' 
600 35' 
600 40' 
600 44' 
600 25' 



N. 



70 
, 60 
50 
50 
40 
40 

I 20 
' 10 

10 

, 00 
1 00 

i 10 

I 20 

' 30 

30 

40 

40 

50 

60 

60 

I 60 

I 70 

; 70 



12' E. 

30' 

57' 

23' 

47' 

7' 
23' 
37' 
52' 

4' 
16' 

38' W. 
47' 
34' 
17' 
56' 
25' 
52' 
19' 
50' 
20' 
50' 
23' 
49' 
14' 
54' 



3.0 
35 
5.6 
4.0 
4.0 
6.0 
6.5 
7.0 
7.0 
7.0 
7.0 
70 
7.0 
7.2 
7.0 
70 
'7.5 
80 
7.0 
7.3 
6.6 
6.5 
6.6 
7.2 
7.2 
7.0 



16.931 30 65 
16.7l| 30.26 
17.00 30.77 
18.09, 32.74 
18.24' 33.01 1 
19.40i 35.10< 
20.081 36.32 
20.08' 36.32 



20.08: 
20.08 
20.11, 
20.25! 
2008 
20.271 
20.26 
20.25, 
20.22 
20.22 
20.18 
20.18 
20.18 
20 18 
20.181 
20.15! 
20.32 



36.32 
36 32 
36.38 
36.63 
36.32J 
36.67! 
36 63 
36.63 
36.58; 
36.58 
36.50 
36.50 
36.50 
36 50 
36 50 
36.45 
36.75 



29.98 
29.61 
30.10 
31.98 
32.24 
34.22 
35.39 
35.39 

35.39 
35.39 
85.44 
35.681 
36.391 
35.71 
36 68 
36.68 
35.63 
35 63 
36.56 
^56 
36.66 
36.56 
36.56 
35.51 
35.80 



Digitized by 



Google 



X 



e 


March 1898 


o 


2 


II 


Saline contents 


5 


1 


S 

08 


g 


3 





CI 1 Salt 1 Salt 


1 


cc 


o 




*^ 


i« 


per per | per 


& 




Q 


==-- - 


^ 


90 36' W. 


^ _ 

OC. 
7.0 


lifre ' litre | naille 
20.15; 36.45, :i5.51 






20 


8 p. m. 


61° I)' N. 








; 12 night. 


610 9' 


100 22' 


7.0 


20.18 36.501 35 56 






21 


4 a. ID. 


610 19' 


110 14' 


7.5 


2018.36.50 


35.56 








1 8 — 


610 29' 


120 6' 


8.0 


20.11 36.38 


35.44 








12 noon. 


610 51^ 


120 58' 


8.0 


20.271 36.67 


35.71 








4 pm. 


620 1' 


130 50' 


7.7 


20.11 


36.38 


35.44 








8 - 


620 9' 


140 50' 


8.0 


20.15 


36.45 


35.51 








J12 night. 


620 19' 


150 42^ 


7.5 


20.08 


36.32 


35.39 






22 


4 a. m. 


620 27' 


160 38' 


7.5 


20.04 


36.25 


35.32 








8 — 


620 42' 


170 30' 


7.5 


20.18 


36 50 


35 56 








12 noon 


620 57' 


180 22' 


7.2 


20.08 


36.32 


36.39 








i p. m. 


' 630 5' 


19« 14' 


7.2 


20.15 


36.45 


35.51 








H — 


6.30 14' 


190 50' 


7.0 


20.04 


36.25 


^5.32 








12 night. 


630 24' 


210 e' 


5.5 


19.97 


36.13 


3520 






23 


4 a. ni. 


1 630 33' 


229 4' 


5.0 


19.97 36.13 


35.20 








8 — 


630 48' 


220 55' 


4.7 


19.97 


36.13 


3520 








12 noon. 


; 640 12' 


230 22' 


2.5 


19.75 


35.78 


34.83 








4 — 


640 32' 


23051' 


3.0 


19.90 


36.00 


35.08 








8 - 


' 650 4' 


240 26' 


0.5 


19.58 35 42 


34.53 





Digitized by 



Google 



XI 




Saline contents 



CI 


Salt 


Salt 


1 


per 
litre 


per 
litre 


per 
mille 


S 



4. Bergeii— Arctic Ocean. H. M. S. Heimdal (Bie). 



Ill 



IV 



VI 







600 50' N. 


m. 


oC. 








10 


40 29' B. 





6.3 


18.71 


33.84 


3302 




1 
1 


10 


66 


18.75 


38 91 


8809 




1 


20 


6.0 


1911 


34.55 


33.70 




1 


40 


6.0 


19.48 


35.21 


34.33 






60 


60 


19 60 


3542 


34.53 






100 


6.5 


19.84 


35.86 


35.95 






610 5' N. 












10 


30 39' B. 





69 


19.44 


35.14 


34.26 






10 


7.0 


19.56 


35.35 


34.47 






20 


6.8 


19.60 


35.42 


34.53 






40 


6.8 


19.84 


3586 


34.95 


! 


60 


7.1 


19.92 


36.01 


35.09 




1 


80 


7.2 


20.04 


36 21 


35.28 






120 


7.3 


20.04 


3621 


35.28 




1 


200 


7.5 


20.08 


36.28 


35.35 




610 20' >►. 












10 


: 20 45' E. 





7.4 


19.68 


35.58 


34.68 






10 


7.4 


19.73 


35.66 


34.75 




1 


20 


7.4 


19.73 


35.66 


34.75 


1 


40 


7.5 


2000 


36.14, 35.21 




60 


7.6 


2008 


36.28 


35 35 


1 


80 


7.3 


2008 


36.28 


35.35 


t 1 


120 


72 


20.08 


36 28 


35.35 


' 610 37' N. 












10 10 44' B. 





8.0 


20.00 


36.14 


35 21 


i 


10 


80 


2004 


3621 


3528 


1 


20 


76 


2008 


36.28 


35.35 




40 


7.7 


20.08 


86.28 


35.35 






60 


78 


20.08 


36 28 


35.35 






80 


79 


20.04 


36.21 


35.28 


! 




120 


8.0 


20.04 


36.21' 3528 


1 




200 


81 


20.04 36.21 i 35.28 




610 53' j^T 








11 


10 2' B. 





8.0 


20.12 36.36 


35.45 






10 


8.0 


20.12 


36.36 


35.45 






20 


8.0 


20.12 


36 36 


35.45 






40 


79 


20.12 


36.36 


35.45 


1 \ 
t 


60 


7.8 


20 12' 36 36 


3545 


11 6 a. m. 







8.0 


20 08 36.28 35.35 




620 31' N. 










11 1 


00 38' W. 





8.3 


20.08 36.28 


35.35 


j 




10 


8.4 


2008 36.28 


35.35 


1 




20 


8.4 


2008 36.28 


35.35 






40 


8.3 


2008 36.28 35.35 






60 


7.7 


20.08 36.28 


35.35 






80 


7.8 


20.08; 36.28 


35.35 






120 


7.5 


20 08 


36.28 


35.35 






200 


7.5 


20.08 


36 38 


35 35 


11 


1 1 p. m. 







7.2 


20.00 


36.14 


35.21 



Digitized by 



Google 



XII 




vm 

IX 
X 

XI 
XII 



XIII 



May 1^ 



11 

12 
12 

12 
13 

13 
13 

14 
14 

14 







630 :y N. 






•JO 15' W. 


7^/4 p. 


m 


630 41' N. 
30 48' W. 


8 a. 


m. 


64« 34' N. 
4P 40' W. 


6'/., a. 


m. 








650 32' N. 
50 0' W 


9 a. 


m. 


(UJO 20' N. 
60 26' W 


6 a. 


m. 


670 29' N. 
80 W W. 



14 

16 
15 

16 

17 

18 



u 


p. m. 


12 


noon 


8 


p. m. 


12 


noon. 


12 


noon. 



670 30' N. 

100 36' W. 

670 5' N. 

no 14' W. 

670 31' N. 

110 22' W. 

670 30' N. 

110 26' W. 





«&€ 








H 08 ® 


Saline contents 


s 




S ^'^ 




g 




S-51 


CI 


Salt 


Salt 


Q 




a-5 


per 


per 


per 


ff 






litre 


litre 


mille 




m. 


oC. 











7.2 


20.04 


36.21 35.28 




10 


7.0 


20.04 


36.21 35.28 




20 


7.0 


20.04 


36.211 35.28 




100 


7.1 


20.04 


36.21 35.28 







5.5 


19.83 


36.85 34.98 







5.0 


19.76 


35.721 34.80 







3.2 


19.73 


35.661 34.76 







3.1 


19 73 35.66 34.75 







3.0 


19.76; 36.72 34.80 







2.7 


19 76 35.72' 34.80 







2.0 


19.73 35.66 34.75 







2.5 


19.76! 36.721 34.80 







1.0 


19.76 35.72 34.80 







0.5 


19.66 


35 54 34.64 




10 


0.5 . 


1966 


35 54 34 64 




20 


0.2 


19.66 


35.54 34.64 




40 


0.1 


19.73 


35.66 


34.76 




60 0.1 


19.73 


36.66 


34.75 




80 lO.O 


19 66 


35.64 


34 64 




120 0.0 


1966 


35.54 


34.64 




200 1O.4 


19.70 


36.61 


34.69 




300 0.5 


19.70 


35 61 


34.69 




loi — 


19.66 


35.54 


34.64 







0.8 — 


19.70 


35.61 


34 69 







1.0 — 


19.66 


35.64 


34.64 







05 — 


19.52 


35.29 


34 40 







0.5 — 


19.66 


35.64 


34.64 







0.5- 


19.66 


35.64 


34.64 




10 


0.6 


19 62 


36-47 


34.56 




20 


0.7 


19.62 


35.47 


34.56 




40 


0.7 


19.59 


35.42 


34.63 




60 


0.8 — 


19.62 35 47 


34.56 




80 


1.9- 


19.62! 35 47 


34 66 




120 


0.9 — 


19.62 


3547 


34.56 




200 


1.0- 


19.62 


35.47 


34.56 




300 


1.8 — 


19.66 


35.64 


34.64 





Digitized by 



Google 



XIII 



1 


_ <D'0 


© fe-^ 


'' 


- 


1 


May 1898 




from 
sampl 
t)taine 


lit 


Saline contents 


1 


1 


o 


Depth 
which 
was ol 




CI 
per 


Salt 
per 


Salt 
per 


1 




Q 


ffl 




^^^ 


litre 


litre 


mille 
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1898. 
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M. S. Heimdal (Bie). 
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6. Tromsjer— Arctic Ocean, April— 


-May 1898. sjs Hvidfisken, 






Capt. Fr. Svendsen. 
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4.0 
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7. Tromsa— Arctic Ocean, April — June 1898. ^|s Jasai. 

Capt. J. Svendsen. 



r 


8 a. m. 


700 8' N. 


180 1' E. 


OC. 
5.7 


19.86 


35.93 35 01 




24 


12 noon 


710 1' 


160 53' 


5.3 


19.68 


35.60 84.71 




25 


8 a. m 


710 52' 


160 9' 


5.9 


19.94 


36 07 


35.15 




25 


12 - 


720 30' 


150 42' 


5.3 


19.90 


86.00 


:S5 08; 


26 


12 ~ 


720 37' 


140 48' 


57 


19.97 


36.13 


35.20 




27 


8 a. m. 


72^ 45' 


110 59' 


4.7 


20.01 


36.20 


35.27 




28 


12 noon. 


730 6' 


100 26' 


4.6 


20.01 


36.20 


35.27 




29 


— 


730 21' 


90 18' 


34 


19.97 


3613 


35.20 


30 


— 


73036' 


90 17' 


1.2 


1986 


35 93 


35.01! 


May 


















1 


— 


730 41' 


80 59' 


2.3 


19.86 


35 93 


35.01 




2 


— 


730 18' 


70 38' 


3.7 


19.86 


35.93 


35.01 


Water 


4 


— 


730 7' 


70 16' 


2.9 


19.86 


35 93 


35.01 


brown co*- 


5 




720 23' 


60 50' 


32 


19.94 


36.07 


35.15 


loured. 


6 


— 


720 5' 


50 42' 


5.0 


19 94 


36.07 


35.15 




7 


— 


710 45' 


40 24' 


4.9 


19.94 


36.07 


35.15 




10 


— 


700 55' 


50 23' 


52 


2005 


36 27 


35.34 




13 


— 


700 0' 


50 14' 


5,0 


20.08 


36.32 


35.39 




18 


— 


720 28' 


40 50' 


3.8 


19.86 


35 93 


35.01 




19 


— 


720 39' 


70 50' 


06 


19.86 


35.93 


35.01 




28 


— 


740 12' 


90 49' 


4.8 


19.94 


36.07 


3515 




28 


8 p. m. 


740 0' 


90 50' 


49 


20.08 


36 32 


35.39 




29 


12 noon. 


740 5' 


90 50' 


4.7 


20.08 


36.32 


35.39 




29 


8 p. m 


740 12' 


90 34' 


4.9 


20.01 


36 20 


85.27 


30 


12 noon. 


740 2' 


90 19' 


5.0 


20.08 


36 32 


35.39 


— > — 


31 





730 36' 


80 25' 


4.0 


19.97 


36.13 


35.20 




June 


















1 


— 


780 8' 


80 10' 


1.7 


19.68 


35.60 


34.71 




2 


— 


730 8' 


80 40' 


1.6 


19 75 


35.73 


34.83 





Digitized by 



Google 



XVI 




8 p. m. 
12 noon. 



8 p. m. 
12 night. 
12 noon. 



S3 



.3 



7;i» 1' N. 
73" 18' 
730 24' 

730 20' 
73P 19' 
73« 16' 
740 6' 
74« 43' 
750 6' 

750 r 

75« 27' 
75« 57' 
760 14' 
76® 16' 
760 5/ 
760 52' 
770 31' 
770 40' 
780 2' 
780 9' 
780 9' 
730 7' 



3 



O 



60 8- 

60 2' 

60 13' 

60 48' 

70 43' 

80 19' 

80 36' 

10« 46' 

100 22' 

90 52' 

90 19' 

110 53' 

150 38' 

130 18' 

100 24' 

90 13' 

90 50' 

IQO 35' 

110 1' 

110 53' 
130 41' 
150 2' 



||"|l"ci 

j § o per 



Saline contents 



' -B litre 



Salt 
per 
litre raille 



Salt 
per 



; oC. 
'2.5 

1 1.8 

2.4 
11.2 
,4.3 

2.8 
'3.8 
■3.2 

4 
I 4.4 
131 

0.6 

10.8- 
|3.6 
140 
13.9 
.5.0 
I 4.7 

2.3 
I 2.8 

;3.8 

15.2 



19.75 
19.90 
19.86 
19.7r> 
19.90 
19.86 
19-97 

19 97 

20 01 
20.01 
19.97 
19.68 
19.52 
20.05 
20.01 
20.01 
19.90 
19 26 
19.26 
19.19 
19.12 

8.6' 



35.73 
36.00 
35.93 
35.73 
36.00 
35.93 
36.13 
36.13 
36.21) 
36.20 
:{6.13 
35.60 
35.31 
36.27 
36.20 
36.20 
36.00 
34.85 
34 85 
34.72 
34 59 



34.83 
35.08 
3501 
34.83 
35.08 
.35.01 
35.20 
35.20 
35.27 
35.27 
35.20 
34.71 
34.43 
35 34 
35 27 
35.27 
35.08 
33 99 
33.99 
3387 
33.75 



I 

eS 

I 



-8. Arctic Ocean, Summer 1898, ^s Hvidfisken. Capt. Fr. Svendsen. 
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6.3 


19.83 
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8 a. m. 
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19.94 


36.07 
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6 


— 
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19.83 


35.87 
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8 a.m. 
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7.9 
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3603 




12 noon. 


720 42' 


120 4^' 
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Arctic Ocean— Tromsa, September 1898, ^ s Hvidfisken, 

Cap. Fr. Svendsen. 
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10. Arctic Ocean, Summer 1898. ^js Jazai, Capt. J. Svendsen. 
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750 55' 
750 23' 
740 6' 
730 56' 
730 34' 
730 16' 

720 53' 
700 53' 
690 54' 
710 55' 
730 56' 
740 4' 
740 35' . 
760 19' 
770 36' 
770 56' 
780 10' 
770 41' 

77046' 



N. 



130 7' 
13'' 31* 
140 4' 
140 13' 
130 51' 
170 20' 
200 46' 
230 23' 
240 3' 

230 0' 
200 42' 
170 31' 
150 33' 
140 22' 
110 13' 
90 1' 
90 40' 
110 41' 
130 30' 
140 0' 
140 12' 

140 51' 



oC 
2.1 
4.2 
5.2 
40 
6.2 
5.4 
5.7 
6.7 
69 



7 I 



19.40135.10 
I 19 76; 35.75, 

19.97 36.13; 
I 20.01 36.20 

19.97:36.13! 

19.83: 35.871 

20.15 36.45! 

19 97 1 36.13 

19.97 36.13! 



8.4 
9.2 
9.4 
9.8 
70 
6.8 
6.4 
5.8 
6.0 
4.0 
4.7 
4.5 17 



15 36.45| 
58 35.42 
47135.22, 
83; 35.87, 
90' 36.00. 
97 36.13 
97 36.13 
.94 36.07 
86; 35.93 
94' 36.07! 



34.22 
34.841 
35.20 
35.27 
35.20I 
34.96 
35.51 
35,20 
35.20 

35.51 
34.53 
34.35| 
34.96 
35.05 
35 20 
3S.2O 
35.15 
35 01 
35.15 



.95 32.48| 31.72 



4.1 
4.3 



18.69 
17.11 



33.82 33.01 
30.97; 30.29 



II. Spitzbergen — Tromsa, September 1898, ^Is Jazai, 

Capt. J. Svendsen. 



Septb. 








oC. 




7 


12 noon. 


770 36' N. 


140 20' B. 


1.2 16.821 30.45, 29.79| 




8 p. m. 


770 19' 


130 2' 


1.9 


U8.84 34.091 33.27 


8 


8 a. m. 


760 52' 


18«42' 


19 


t 




8 p. m. 


760 42' 


140 36' 


2.8 


19.58; 35.42' 34.53 
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189€ 


\ 


5C 


t 


^mperature 
the surface 
water 


Saline contents ! S 


3 

IS 








Latitude 


Longitud 






1 


1 


1 




1 


Ci 
per 


Salt 
per 


Salt 
per 




^ 




H 




litre 


litre 


miUe 






Septb. 










oC. 




1 






9 


4 


a. m. 


76® 29' N. 


130 31' E. 


4.6 


19.62 


36.49 


34.60 








12 


noon. 


760 28' 


120 0' 


6.0 


19.94 


36.07 


36.16 








8 


p m. 


760 16' 


110 22' 


45 


19.97 


36.13 


35.20 






10 


4 


a. m. 


760 2* 


10* 33* 


4.6 


19.90 


36.00 


35.05 








12 


noon. 


780 56' 


110 5' 


4.2 


19.97 


36.13 


36.20 








8 


p. m. 


750 40' 


110 16' 


4.1 


1990 


36.00 


35.05 






11 


8 


a. m. 


760 29' 


10*64' 


4.1 


19.90 


36.00 


3606 








12 


noon. 


750 22' 


100 42- 


4.8 


19.90 


36.00 


36.06 








8 


p. m. 


740 62' 


90 50' 


4.7 


19.97 


36.13 


36.20 






12 


4 


a. m. 


74033' 


90 37' 


4.8 


19.90 


3600 


35.06 








12 


noon. 


760 3' 


90 33' 


4,8 


19.90 


36.00 


35.05 








8 


p. m. 


740 56' 


110 49' 


4.9 


19.86 


36.93 


35.01 






13 


12 


noon. 


740 31' 


130 67' 


5.1 


19.90 


36.00 


36.05 






14 




— 


740 39' 


140 30' 


5.4 


19 94 


36.07 


35.15 






15 


4 


a. m. 


740 0' 


160 40' 


6.2 


19.94 


36 07 


35.16 








12 


noon. 


730 19' 


160 52' 


6.1 


19.94 


36.07 


36.16 




1 


8 


p. m. 


720 39^ 


160 51' 


68 


I 






1 16 


8 


p. m 


700 31' 


160 26' 


6.7 


19.76 


35.75 


34.84 




, 18 


12 


noon. 


70* 46' 


210 15' 


7.3 


19.54 


35.35 


34.47 




1 Id 


8 


a. m. 


700 27' 


210 6' 


7.2 










1 20 


8 


p. m. 


690 58' 


20* 8' 


6.3 


18.69 


33.82 


33.01 




12. Icela 


nd- 


—North Sea, July 1897, ^Is Westye Egeberg, Capt Tuftc. 




1897 






















July 










oC. 












16 


8 


p- 


660 7. ^^ 


130 61' W. 


6.7 


19.62 


35.47 


34.56 








12 


night. 


650 58' 


180 15' 


5.5 


19.72 


35.65 


34 76 






17 


3 


a. m. 


650 52' 


120 52' 


8.0 


19.21 


34.74 


33.87 








6 


— 


650 43^ 


120 21' 


6.0 


19.55 


35.32 


34.45 








3 


p. m 


650 32' 


110 32' 


6.7 


19.72 


35 65 


34.76 








8 


— 


650 ly 


100 52' 


5.7 


19.66 


35.53 


34.63 








11 


— 


650 ry 


100 25' 


6.5 


19.65 


35.63 


34.63 






18 


2 


a. m. 


640 66' 


100 0' 


6.0 


19.65 


35.53 


34.63 








5 


— 


64« 46' 


. 90 32' 


6.3 


19.65 


35.53 


34.63 








H 


— 


640 38' 


80 54' 


6.6 


19.66 


35.53 


34.63 






W' 


., — 


640 37' 


80 17' 


6.5 


19.65i 35.53 


34.63 




i 


4 


' p m. 


640 23' 


70 57' 


7.5 


19.65 


35.53 


34.63 






9 


— 


640 10' 


7037' 


7.7 


19.65 


35.53 


34.63 






12 


night. 


630 59' 


70 14' 


7.7 


19.65 


35 53 


34 63 




19 


4 


a. m. 


630 47' 


60 53' 


7.0 


19.65 


35.63 


34.63 






12 


noon. 


630 36' 


60 36' 


8.5 


19.62; 36.47 


34.66 






4 


p. m 


630 28' 


60 6' 


11.0 


19.79 


35.78 


34.8G 






73/ 


4 


630 19' 


50 50' 


9.7 


19.75 


35.71' 34.80 






11 




630 12' 


50 21' 


9.5 


19.89 


35 96 35.04 




; 20 


*} 


a. ra. 


630 3' 


40 56' 


8.0 


19.72 


35.65 34.76 




1 


5 


— 


620 53' 


40 30' 


9.0 


19.75 


35.71(34.80 






S 


— 


620 44' 


40 4' 


8.7 


19.89 


35.96 35.04 






IIV 


2 — 


620 37' 


30 44' 


10.0 


20.06! 36.25! 36.31 


1 


3 


night. 


620 27' 


30 18' 


9.3 


19.75 35.71, 34.80; 




6 


p. ra. 


620 le' 


20 58' 


10 7 


20.031 36.19; 35.26 




t 


8V 


1 — 


620 6' 


20 34' 


10.7 


2003 36.19 36 26 








11 


— 


610 54' 


20 8' 


11.0 


19.92 


36.01 


35.09 
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fl 




1897 


:H 


^ 

« 


tare 
rface 


Saline oontents 


a " 


1 


1 


o 


5 

3 


1 




CI jSaft 
per ' per 


Salt 
per 


1 




X 


3 




litre 1 litre 


mille 






July 


I 






OC. 


J 








21 


^2 a. m. 


61^» 43' N. 


10 54' W. 


11.5 


19.99 


36.15 


86.20 








t 5 - 


610 32' 


10 30' 


12.0 


20.09 


36.30 


35.36 








1 9 ~ 


610 20' 


10 T 


12.0 


20.19 


36.48 


36.67 








12 noon. 


610 13' 


0044' 


12.5 


20.16 


36.4a 


35.63 








4 p.m. 


600 58^ 


00 42' 


12.5 


20.23 


36.56 


35.59 








11 — 


600 48* 


00 22' 


12.0 


20.16 


36.43 


36.62 






22 


3 a. m. 


60° 36' 


00 4' 


12.0 


20.16 


36.43 


35.52 








7 — 


600 22' N. 


a> 10* B. 


11.5 


20.03 


36.19 


35.26 








12 noon. 


60« 11' 


00 28' 


12.5 


19.92 


36.01 


35.09 








4 p. m. 


600 0' 


a> 44' 


12.5 


19.72 


35.65 


34.76 








7 - 


590 49' 


10 2' 


12.5 


19.65 


35.53 


34.63 








9V2 - 


590 89' 


10 22* 


12.5 


19.62 


35.47 


3456 








12 night. 


59028' 


10 42* 


12.7 


19.56 


35.32 


3446 






23 


9 a. m. 


590 18' 


20 8' 


12.7 


19.48 


35.21 


34.33 








6 - 


590 7' 


20 25' 


13.0 


19.25 


3481 


33.94 








10 — 


580 56' 


20 40* 


14.0 


18.80 


33.99 


38.171 






iVaPm, 


580 45' 


20 56' 


14.5 


18.52 


33.51 


32.701 






6 - 


58« 35' 


:^o 15' 


15.0 


17.71 


32.06 


31.33! 






10 — 


58« 21' 


3045' 


16.0 


1774 


32.11 


31.38 





13. Iceland— Norway, July 1898, *|s Westye Egeberg, Capt. L. Tuftc. 



1898 




July 




16 


12 night. 


17 


21/2 a m. 




6V4 - • 




9V4 ~: 




12 noon., 




3 p. m., 




5V., - , 




8 ' - 




IIV4 - 


18 


l«/4 a. m. 




4Vi - 




8 — 




IIV2 — 




3V2 p. m. 




71/2 - 




11 — 


19 


2«/4 a. m. 




7 — 




11 - 




2V« p. m. 




5V4 - 




7«/4 - 




10 - 


20 


2Vs a. m. 




6 a. m. 




8 - 




IOV4 - 




12 noon. 



660 20' N. 
660 10/ 
660 2' 
650 52^ 
650 40' 
650 33' 
(}50 25' 
650 17' 
650 S' 
640 69' 
640 5(y 
640 42' 
640 30^ 
640 19' 
640 8' 
630 57' 
630 46' 
630 34' 
630 13' 
630 0' 
620 47' 
620 33' 
620 20' 
620 17' 
610 56' 
610 44' 
610 31^ 
610 17' 



140 22' W. 
130 67' 
130 26' 

120 50' 
120 22' 
120 0' 
110 31' 
110 0' 
100 32' 
100 3' 

90 33' 

90 5' 

80 40' 

80 10' 

70 46' 

70 25' 

70 0' 

60 39' 

60 13' 

60 8' 

50 57^ 

50 42' 

50 26' 

50 8' 

40 54' 

40 46' 

40 26' 

4« 6' 



OC. 
7.2 
6.7 
6.3 
6.0 
5.8 
6.0 
6.1 
5.5 
6.1 
6.5 
6.5 
5.2 
6.2 
6.3 
6.3 
6.3 
6.6 
7.2 
8.5 
8.2 
7.3 
9.9 
9.6 
9.4 
8.3 
10.2 
10.2 
10.2 



19.47 35.22, 34.35 
19.47 35.221 34.35 



19.40 
19.40 
19.541 
19.54 
19.54| 
19.69, 
19.76' 
19.72 
19.69 
19.72 
19.76 
19.76 
19.69 
19.69 
19.72 
19.94 
19.83 
I9.8O: 
20.08 
20.04 
20.01 
19.90 
20.08i 
20.08 
20as| 



35.10 
35.10 
35.35 
35.35 
35.35 
35.62 
36.76 
35.67 
35.62 
35.67 
35.75 
35.75 
35.62 
35.62' 

35 67 
3607 
35.871 
35.82; 
36.32: 
36.251 
36.20i 
36.001 
36.321 

36 32 
36.32 



34.22 
34.22 
3447 
34.47 
34.47 
34.72 
34 84 
34.77 
34.72 
34.77 
34.84 
34.84 
34.72 
34.72 
34.77 
35.15 
34 96 
34.91 
3639 
35.32 
35.27 
35.08 
35.39 
35.39 
35.39 
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XX 



1 




1898 


latitude N. 

1 


•ngltude W. 


Bmperature 
the surface 
water 


Saline contents 


1 


1 


-1 


§ 


"~C1 
per 


Salt Salt ! 6 
per per « 




Q 


W >-^ 


5 


H^ 


litre 


litre 


millej 

1 




July 








oC. 


1 


' 20 


2 p. m. 


61« 6- N. 


30 50' W. 


10 6 


20 08 


36.32 


35.39 




4 - 


600 52' 


30 20' 


11.0 


20.11 


36.38 


35.44 


1 


6 — 


600 40- 


20 55' 


10.8 


20.11 


36.38 


35.44 




8 — 


60" 26' 


20 10' 


108 


20.11; 36.38 


35.44 


1 


IOV4 - 


600 16- 


10 56' 


9.9 


2008 36.32 


36.39 


, . 


12 night 


600 5' 


10 46' 


10.0 


20.08 36.32 


35.39 


1 ^1 


2V2 a. m. 


590 53' 


10 30' 


9.3 


' 1 


i 


8 - 


59046' 


10 12' 


108 


20.08 36.32 


35.39 








IOV4 - 


590 38' 


00 52' 


11.0 


20.01, 36.20 


35.27 








OVa p. m. 
3«/4 - 


590 29' 


00 26' 


11.0 


20.01 36.20 


36.27 








590 20' 


00 3' W. 


11.2 


19.97 36.13 


35.20 








8 - 


590 10' 


00 21' B. 


11.6 


:19.90 36.00 


35.08 








12 night. 


590 3' 


00 46' 


11.6 


19.76' 35.75 


34.84 






32 


5V4a. m. 


580 56' 


10 12' 


12.0 


19.62 35.49 


34.60! 




8 - 


580 49' 


10 42' 


12.1 


18 69 33.82 


33.011 






12 noon. 


580 41^ 


20 14' 


12.5 


18.06 82.67 


31.93 





14. Iceland — Leith, September 1898, ^|s Heimdal, 

Capt. H. C. Hansen. 



Septb. 










oC. 


: 14 


8 


p. m. 


630 47' N. 


220 52' w. 


9.0 




12 


night. 


630 30' 


220 17' 


9.0 


15 


4 


a. m. 


630 16* 


210 30' 


9.0 




8 


— 


630 3. 


200 52' 


9.5 




12 


noon. 


620 57^ 


200 18' 


9.6 




4 


p. m. 


620 49' 


190 48' 


10.0 




8 


— 


620 40' 


180 48' 


10.0 




12 


night 


620 31' 


180 0' 


10.0 


i 16 


4 


a. m. 


620 23' 


170 6' 


10.0 




8 


- 


62« 18' 


160 15' 


10.7 




12 


noon. 


620 0' 


150 33' 


11.0 




4 


p. m. 


610 49' 


140 55' 


10.6 




8 


— 


610 38' 


140 0' 


10.0 




12 


night. 


610 30' 


130 8' 


10.3 


17 


4 


a. m. 


610 21' 


120 26' 


11.3 




8 


— 


610 12' 


110 26' 


11.0 


t 


12 


noon. 


610 6' 


100 42' 


11.3 




4 


p. m. 


600 58' 


90 52' 


11.0 




8 


— 


600 52' 


80 10' 


10.5 




12 


night. 


600 46' 


80 16' 


10.5 


1 18 


4 


a. m. 


600 40' 


70 28' 


10.5 


1 


8 


— 


600 37' 


60 46' 


10.3 




12 


noon. 


600 33' 


60 15' 


9.4 


t 


4 


p. m. 


600 18' 


60 24' 


10.5 




8 


— 


600 5' 


40 35' 


11.3 




12 


night. 


590 50' 


30 44' 


12.0 


19 


4 


a m. 


59038' 


20 58' 


11.7 




8 


— 


590 32' 


20 38' 


12.3 




12 


noon. 


590 9' 


20 12' 


12.3 



19.65 

1 19.66 

1994 

; 19.97, 

19.97' 

! 20.01 i 

1 19.83, 

119.90 

I 20.01 

I 20.01 1 

I 20.01! 

! 20.04 

i 20.04, 

I 20.01 

1 19.97; 

I 20.01! 

i200i; 

20.01| 

, 20.01 

20.01! 

20.041 

19.97 

20.04 

20.04 

20.04 

20.04 

20.01 

19.97 

19.94 



35.55 
35.55; 
36.07 
36.13! 
36.13 
36.20| 
3587' 
36.001 
36.20; 
36.20; 
36.20 
36.251 
36.26; 
36.20 
36.13 
36.20 
36.20i 
36.20: 
36.20 
36.20 
36 25 
36.13 
36.25 
36.25 
36.25 
36.26 
36.20 
36.13 
36.07 



34.65 
34.66 
35.15 
36.20 
36.20 
35.27 
34.96 
36.05 
35.27 
35.27 
36.27 
36.32 
36.32 
35.27 
3520 
35.27 
35.27 
35.27 
35.27 
35.27 
35.82 
35.20 
3532 
35.32 
35.32 
35.32 
35 27 
35.20 
85.15 
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1 


1 


1898 

o 


1 
atitude N. 


1 


jmperature 
the surface 
water 


Saline contents 


3 


CI 
per 


Salt 
per 


Salt 
per 


1 ■ 




3: 


J 


2 


H^S 


litre 


litre 


mille 






Septb. 








oC. i 








19 


4 p. m. 


580 43' B. 


20 5' W. 


12,0 


19.90 


36.00 


35.06 








8 - 


580 18' 


10 59' 


12.0 


19.94 


36.07 


36.15 








12night. 


570 54' 


10 50' 


12.0 


19.87 


35.95 


85.03 






20 


4 a. m. 


570 23' 


10 29' 


12.5 


19.83 


85.87 


34.96 






8 — 


560 57' 


10 43' 


126 


19.83 


35.87 


34.96 








12 noon. 


660 40^ 


20 0* 


12.6 


19.80 


36.82 


34.91 
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A. Observations in tl)e West-Piord. 



a. Square and Length-Section of the Fiord 15— 27th July 1898. 



n. 



in. 



IV. 



July 




670 21' 


N. 


m. 


oC. 










16 


12 noon. 


130 58' 


B. 


a 


120 


19.12 


34.67 


33.71 


Bkman's Water- 










5 


12.1 


19.23 


34.76 


33.89 


fotcher and M. 










10 


11.9 


19.23 


34.76 


33.89 


Knudsens Ther- 










20 


11.6 


19.23 


34,76 


33.89 


mometer. 










30 


8.5 


19.30 


34.89 


34.03 












40 


7.2 


19.44 


36.14 


34.26 












60 


6.6 


19.47 


35.19 


34.32 












80 


6.0 


19.64 


36.32 


34.42 












100 


6.9 ,19.54 


36.32 


34.42 












120 


6.8 19.62 


35.47 


34.56 












200 


6.0 19.79 


35.78 


:34.86 








670 24' 


N 










16 


4 p. m. 


130 28' 


E. 



12 


13.8 19.26 i 34.81 j 33.96 
11.04 19.19 i 34.691 33.84 


— >— 




' 




20 


10.1 19.26 1 34.81 


33.96 










30 


7.3 19.44 


35.14 34.26 










50 


6 119.47 


35.19 34.32 










80 


5 8 19.58 


35.40 


34.51 












100 


6.0 '19.58 


35.40 34.61 












200 


6.1 








670 25' 


N. 










16 


8 p. m. 


120 53* 


£. 



10 


13 5 19.80 
11.6 19.26 


34.89 
.34.81 


34.03 
33.95 


— » — 










20 


9.65 


19.44 


35.14 


34.26 










30 


8.0 


19.47 


36.19 


34.32 










50 


6.7 


19.65 


86.53 


34.63 










80 


6.5 


19.66 


86.53 


34.63 










120 


6.6 


19.76 


36.72 


34.80 










200 


6.1 




. 








1 67'> 42' 


N. 














17 


10 a. m 130 13'.7 


E. 





12.18 


19.23 


34.76 


33.89 


> — 








10 


11.35 


19.23 


34.76 


33.89 










20 


10.3 


19.19 


34.69 


33.84 










30 


7.1 


19.30 


34.89 


34.03 










50 


5.4 


19.37 


35.01 


34.14 










80 


4.9 














100 


4.9 


19.47 


35.19 


34.32 










150 


5.9 19.62 


35.47 


34.56 












200 


6.1 |19.83 


36.86 


34.93 








670 54'.6 N. 




1 








17 


3 p. m. 


130 57' 


E. 





11.9 


19.19 


34.69 


33.84 


...> 










10 


10.3 


19.26 


34.81 


33.96 






' 




20 


9.1 


19.30 


34.89 


urn 










30 


6.2 


19.33 


34.94 


34.07 






1 




60 


5.3 


19.40 


35.06 


34.20 






1 




80 




19.47 


35.19 


34.32 










100 




19.62 


36.47 


34:66 






1 




150 


6.0 


19.76 


35.72 


34.80 












200 


6.1 


19.83 


35.85 


34.93 
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Google 



xxvr 





) 


^ O'^ 


A lU^ 


f 


1 


1898 


Locality 


Depth froDD 
which sampl 
Was obtaine 


Bmperaton 
the wat€ 
that dept 


Saline contents ^ jj 


1 1 


"CI ~ 
per 


Salt { Salt 
per i per 


1 




July 1 1 68<» 6' N. 


t^*5ts: litre IlitreJmiUe 






j 
m. -•€. ; 






VI. 


26 f a*/4 a. m.; 14® 59' B. 


127 


0. Pettoraaon'a 




'• « 


10 12.8 ;i901 34.38 33.54; Water-fetoher. 






20 


9.5 ; 19.12 


34.57 


38.71 






1 \ 


80 


6.2 i 19.23 


34.76 


33.89 






1 '^ 


40 


6.85 19.33 


34.94 


84.07 






' 


50 


6 2 ! 10.37 


35.01 


84.14 










70 


6.7 




1 










100 


6.26 


1972 


35.66 34.76 










160 


6.1 


19.72 


35.65 


34.76 






1 




200 


6-6 


19.97 


36.08 


35.16 






i 


680 21' N. 


1 










Og 


3T ' 2 p.m. 


160 i* B. 


12.9 15.69 


28.43 


27.86 


— »— - 


• 






5 ! 130 


15 61 


28:29 


27.72 






j 




10 


11.82 


18.52 


33.51 


32.70 










20 


10.07 


18 98 


34.32 


33.48 










30 


7.57 


19.08 


34.61 


33.65 






1 

! 




50 


535 


19.37 


35.01 


34.14 






! 




70 


6.46 


19.54 


35.32 


84.42 










100 


5.28 


19.46 


85.16 


34.80 






i 


150 5.65 


19.56 


35.35 34.47 






b. Square section 


of the West-Fiord, jrd August. 




Aug. 




670 35* N. 


m 


oC. 1 








Vi 


3 


12 night 


130 14' E. 


.§ 


1245 1 19.12 
12.4 i 19.12 


34.57 
34.57 


33.71 
88.71 


— >— 




, 


15 


12.4 19.16 


34.65 


33.79 






: 1 


30 


8.05 19.47 


35.19 


34.32 






1 


40 


7.08 ' 19.40 


36.06 


34.20 








50 


7 3 19.40 


35.06 


34.20 








70 


66 1 






' 670 31'.5 N. 




1 






v« 


3 


4 a. m,; IS® 46'.7 E. 





12.13 ) 19.19 34.69 


33.84 


— *> — 








10 


119.23 


34 76 


83.89 












20 


8.7 ! 19.83 


34.94 


34.07 












30 7.3 ; 19.40 


35.06 


34.20 












40 6.85 1 19.44 


35.14 


34.26 






' 1 


60 6.18 ' 19.54 


35.32 


34.42 






1 


80 6.25 




I 




' 


100 - 6.3 19.65 


35.53 


34.631 




c. Square section 


1 of the Fiord 8th September. 




[8eptb. 


; 670 35' N. 


m. , oC. : 




Vi 


8 


7Va a. m.: 190 14' B. 


10.45 


1898 


34.32 


33.48 


— » — 








10 10.5 


18.98 


34.32 


33.48 








^ 


20 10.47 


18.98 


34.32 


33.48 










30 1 10.38 


19.19 


34.69 


33.84 










40 i 8.37 


19.30 


34.89 


34.03 










60 1 7.25 


19.44 


36.14 


34.26 








1 


80 1 6.35 


19.58 


3640 


34.61 












100 


63 


19.65 


35.63 


34.63 
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Google 



XXVII 



Vi 


8 


7*/j a. m. 


W 14' B. ! 


150 


6.4 


19.88 


35.85 


34.93 










200 


6.5 i 19.97 


36.08 


35.16 








670 3r.5 N.i 




i 






V, 


8 


5Vfl a. m. 


13© 46'.7 R ; 





10.6 


18.98 


34.32 


33.48 








: 


10 


10.7 


18.98 


34.32 


33.48 








1 


20 


10.7 


19.19 


34.69 


33.84 










80 


10.6 


19.44 


35.14 


34.26 










40 


10.48 


19.47 


35.19 


34.32 








i 


50 


10.4 


19.47 


35.19 


34.32 








1 

! 


70 


8.43 


19.44 


35.14 


34.26 








1 


100 


6.25 


19.54 


35-32 


3442 








1 


160 


625 


19.90 


35.98 


85.05 










200 


65 


19.93 


36.43 


85.11 



d. Ofoten and Tys-Fiord. 



Oi 



Oi 



July 
26 



4 p. m. 



26 



Aug. 

7 



11 p. m. 



680 i5'.4 N. 


ro. 


160 7'.3 B. 





Korsnes in 


10 


Tys-Piord. 


20 




30 




40 




50 




70 




100 


680 28' N. 





160 58' B 


10 


Liland in 


20 


Ofoten. 


30 




50 




70 




90 


Off Narvik 





in Ofoten 


10 



680 28' N. 

160 58' E. 

Liland in 

Ofoten. 



oC. 
13.6 
11.5 
9.18 
7.08 
6.05 
5.5 
5.4 
5.4 

13.4 
11.0 
855 
6.55 
5.1 



20 

30 
40 
50 I 

60 j 
70 I 


10 
20 
30 
40 
50 
60 
80 



17.36 
18.73 
18.98 
19.05 
19.19 
19 23 
1940 



13.63 
18.23 
1869 
18.94 
19.23 



I 



31.42i 30.71 



5.3 19.44 
5.45 ; 



13.53 
1172 
10.04 
8.0 
5.98 
5.27 
5.1 
5.14 



38.87 
34.32 
34.44 
34.69 
34.76 
35.06 



24.73 
32 98 
38.80 
34.25 
.34 76 
35.14 



14.11 
16.70 
18.41 
18.62 
18.87 
19.16 



12.93 


15.86 


11.95 ' 17.85 


10.65 


18.34 


10.15 


18.48 


8.4 


18.80 


6.75 


18.98 


5.6 


19.09 


5 38 


19.33 



30.23 
33.31 
33.69 
34-14 
34.67 
19.19, 34.72 
19.30 34.92 



28.72 
32.31 
38.19 
83.44 
34.02 
34.34 
34.54 
34.97 



33.06 
33.48 
88.62 
33.84 
33.89 
34.20 



24.30 
32.20 
32.99 
33.41 
38.89 
34.26 



29.58 
32.58 
32.89 
33.32 
33.81 
33.87 
84.05 

28.14 
3157 
32.41 
32.65 
33.20 
33.51 
33.69 
34.11 



Digitized by 



Google 



XXVIII 



.2 


• 1898 




i. 


1 


Ti 
Oi 


Aug. 
12 

13 

Septb. 
25 

25 





o 




Kjebsvik in 
Tys-Fiord. 



680 26'.4 N. 
160 7/.3 B. 
Korsnes in 
Tys-Fiord. 



Narvik in 
Ofoten. 



680 28' N. 
160 58* B, 

Liland in 
Ofoten. 



m. 

10 
20 
30 
40 
50 
60 
70 
80 
90 

120 


10 
20 
30 
40 
50 
60 
70 
100 


10 
20 
80 
40 
60 


20 



oC. 
12.9 
13.83 

12.3 
10.5 
8.0 
6.22 
5.7 
5.5 
5.8 
6.0 

14.28 

13.65 

13.58 

11.18 

9.7 

7.3 

6.4 

6.3 

6.0 

10.2 
11.48 
11.3 
10.73 
10.32 
7.8 

10.1 
11.3 



Saiine contents 



CI 


Salt 


Salt 


per 
litre 


per 
litre 


per 
mille 



i 

a. 



i6.64 
18.16 
18.59 
18.73 
18.73 
18.84 

18.90 



28.32 27.76| 
32.86; 32.101 
33.64 32 841 
33.89 38.081 
33.89 33.08! 
34.09 33.27' 



34.20 



19.23 34.79 



40 10.68 



16.92 
18.59 
18.66 
18.84 
18.91 
19.05 

19.26 
19.33 

16.15 
17.17 
18.27 
18.55 
18.66 
18.87 

16.17 
18.20 
18.73 



30.63 
33.64 
33.76 
34.09 
34.22 
34.47 

34.85 
34.97 

29.24 
31.08 
33 05 
33.57 
33.76 
34.14 

29.28 
32.94 
33.89 



3a37i 
33.93I 



29.96 
32.84 
32.96 
33.27 
33.39 
83.63 

33.991 
34.111 

28.64 
30.40 
32.29 
32.77 
32.96 
33.32 

28.67 
32.17 
33.08 



Ekqian's. Water- 
fetchor and M. 
Knudsen's Ther- 
mometer. 



Pettersson's 
Water-fetcher.- 



e. Near Boda. 



July 


' 


23 


10 a. m. 


Aug. 




16 





Bode 



Bode 



m. 


oC. 





11.68 


10 


11.5 


20 


9.88 


30 


9.2 


40 


8.25 


50 


7.32 


60 


6.85 


100 


6.7 





1332 


10 


13.29 


20 


13.33 


30 


13.13 


40 


11.6 


50 


9.24 


70 


7.78 


100 


7.25 



18.66 
18.73 
18.91 
18.94 
19.12 
19.33 
19.40 
19.54 

18.52 
18.52 
18.55 
18.65 
18.77 
1908 
19.40 
19.54 



33.76 
33.87 
34.19 
34.25 
34.57 
34.94 
35.06 
35.32 

33.51 
33.61 
33.66 
33.56 
33.94 
34.51 
3506 
36.32 



82.94 
33.05 
33.36 
33.41 
33.71 
34.07 
34.20 
34.42 

32.70 
32.70 
32.76 
32.76 
33.12 
33.66 
34.20 
34.42 



Digitized by 



Google 



XXIX 





. OT3 , <U t- .fi 1 




a 1898 >. 


from 
sampl 
>taine 


^ C8 O 


Saline contents 


1 


o *: 


2 ^'^ 




«;i 1 1 




CI 
per 


Salt Salt 
per per 


a 




o 1 • m 


_ pf |>^^ 


litre 


Jitre mille 






! 
Aug. i 


m. oc. 


— 






23 


1 Bode 


1 13.22 


18.31 


33.12 32.24 


Pettersson's 








10 12.7 


ISM 


33.18 32.40 


Water-fetcher. 








20 12.6 


18.38 


33.25 32.47 








1 


30 12.5 


18.41 


33.31' 32.62 










40 10 5 


18.80| 33.99 33.17 










50 9.67 


19.44; 35.14' 34.26 








i 


60 9.0 


19.44| 36.14, 34.26 




1 




70 7.93 


19 44 35.14' 34.26 






Septb. 








' 




7 


! — >— 





10.5 












i 


10 


10.55 


18.41 33.31 32.54 








1 


20 


10.58 


18.59 33.64 32.84 










30 


10.67 


18.69i 33.82, 33.01 










40 


1063 


18.73i 33.89 33.05 










50 


10.76 


19.08 34.52 33.65 








I 


60 


10.23 


19.23 34.79 33.93 






27 


— >— 


10 


9.93 


18.59' 33.64 32.84 












1 20 


10.4 


19.12 34.59 33.75 












1 30 


10.33 19.23, 34.79, 33.93 












' 40 


10.22 19-30! 34.92' 34.05 






1 
1 




60 ( 10.24 19.301 34.92' 34.05 






Octbr. 












18 ' 


— > — 




I 10 


8.3 18.55 33.57 32.77 
8.64 18.65; 33.57! 32.77 












' 20 8.60 i 18.551 33.57' 32.77 












j 30 8.65' 18.55 33.57| 32.77 












' 50 


9.8 


18.73 33.89' 33.08 
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Google 



XXX 



B. Eids-Piord 



i 



1898 



06 

Q 







2U^ ! 

S 'S o I Saline contents 



S 2^'^ 



1.21. 






a 

per 
litre 



Salt Salt 



per 
litre 



per ! 
mUle 



S 






a. Section of the Eids-Fiord 29— 30th July. 



Jnly 
29 



E2 



30 



lP/8 a. m. 



E, 



30 



IV* p. m. 



680 b6' N. 
140 40* E. 



680 40^ N. 
14« 68'.5 E. 



680 43' N. 
150 6' E. 



m. 


oC. 







12.8 


19.081 


10 


12.16 


19.23 


20 


9.17 


19.37 


30 


7.62 


19.47 


50 


6.66 


19 54 


70 


6.35 


19.54 


100 


5.4 


19.54 


150 


68 


19.54 


200 


6.3 


19.62 





12.65 


19.12 


10 


10.69 


19.26 


20 


9.4 


19.33 


30 


7.25 


19.33 


50 


5.92 


19.44 


70 


5.69 


19.44 


100 


5.25 







12.45 


19.05 


10 


12.0 


19.12 


20 


9.4 


19.80 


30 


6.75 


19.30 


^0 


5.6 1 19.37 


70 


5.1 


19.40' 


100 


4.88 


19.441 



34.52 
34.79 
35.04 
35.22 
35.36 
35.85 
35.35 
85.35 
35.49 

34.59 
34.85 
34.97 
34.97 
35.17 
35.17 



34.47 
34.59 
34.92 
34.92 
3.5.04 
35.10 
35.17 



33.68 
33.93 
34.17 
34.35 
34.47 
34.47 
34.47 
34.47 
84.60 

38.75 
33.99 
84.11 
34.11 
34.29 
34.29 



33.63 
33.75 

34.05 
34.17 
,34.23 
34.29 



b. Section off the Fiord 22— 23rd September. 



Efi 



iSeptb. 

22 . 



2 p. m. 



680 52' N. 
130 12'.5 E. 



E5 



22 



p. m. 



680 43/ 
130 41' 



m. 


oC. 









9.77 


10.79 


35.80 


10 


9.77 


19.83 


35.87 


20 


9.78 


19.86 


35.93 


30 


9.82 


19.97 


36.13 


40 


9.75 


19.07 


36.13 


50 


9.2 


19.97 


36.13 


60 


8.72 


19.97 


36.13 


70 


7.78 


20.08 


.S6 32 


80 


7.35 


20.08 


36.32 


100 


7.05 


20.08 


36.32 


150 


7.08 


20.11 


36.88 


200 


7.05 


20.15 


36.45 


300 


6.97 


20.15 


36.45 





9.82 


19.69 


35.62 


10 


9.82 


19.72 


35.67 


20 


9.8H 


19.76 


35.75 


30 


9.80 


19.76 


35.75 


40 


9.63 


19.79 


36.80 



34.89 
34.96 
35.01 
35.20 
35.20 
35.20 
35.20 
35.39 
35.39 
35.39 
35.44 
36.51 
35.61 

34.72 
34.77 
34.84 
34.84 
34.89 
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Google 



XXXI 



El' 28 







Saline contents 


5 




"Ci 


Salt 


Salt 


i 




per 


per 


per 


& 






litre 


litre 


miUe 






19.83 


35.87 


34.96 






19.90 


36.00 


35.08 






ao.o6 


36 82 


35.39 






18.87 


34.14 


33.32 






19.33 


34.97 


34.11 






19.54 


35.35 


34.47 






19.58 


35.42 


34.53 






19.76 


35.75 


34.84 






19.79 


35.80 


34.89 






19.86 


85.93 


35.01 






20.01 


36.20 


35.27 






18.69 


33.82 


33.01 






19.06 


34.47 


38.63 






19.16 


34.67 


33.81 






19.38 


34.97 


34.11 






19.33 


34,97 


34.11 






19.44 


35.17 


34.29 






19.47 


35.22 


34.35 






19.61 


35.30 


34.41 






19.51 


35.80 


34 41 






19.83 


35.87 


34.96 






18.88 


35.87 


34 96 




9 a. in. 


140 53'.5B. ! 


9.9 










10 


10.15 i 18.98 


34.34 


33.51 






20 


10.1 119.12 


34.59 


33.75 






30 


10 33 ! 19.30 


34.92 


34.05 




1 


40 


102 19.37 


35.04 


34.17 






50 


10.0 , 19.44 


35.17 


84.29 






60 


9.83 1 19.44 


35.17 


34.29 






' 80 


9.08 19.44 


85.17 


34.29 






1 100 


7.61 i 19.44 


35.17 


34.29 






, 150 1 6.55 1 19.72 


85.67 


34.77 




1 


1 200 


6.13 ' 19.79 


35.80 


34.89 
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III. Sections off fbe Eids-Piord, Nordland 1899. 
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XXXV 



III. Sections off the Eids-fHord, Nordland 1899. 




o 
1^ 



9 'O 

fas 



JfeS 

o 

C^ <M -»d 



Saline contents 



CI 
per 
litre 



Salt 
per 
litre 



Salt 
per 
miUe 



B« 



Bk 



a. Section off the Eids-Fiord 4— 5th July. 



121/2 p. m. 



3 p. m. 



B. 



5Va P- m. 



10 a. m. 



12Va a. m. 



680 52* N. 


m 


oC. 








130 12'.5 B. 





11.2 


19.38 


35.06 


34.19 




10 


10.8 


19.43 


35.15 


84.28 




20 


8.63 


19.63 


35.61 


84.62 




30 


7.5 


19.74 


35.71 


34.81 




40 


7.2 19.86 


35.93 


85.01 




50 


6.8 


19.95 


36.09 


86.17 




70 


6.25 


19.95 


36.09 


85.17 




100 


6.56 


20.06 


36.29 


86.36 




120 


6.2 


20.08 


86.32 


35 39 




150 


6.1 


20.02 


36.22 


85.29 




200 


6.2 


20.18 


36.41 


36.47 


68t>48' N. 












130 41' E. 





11.92 


19 28 


34.88 


34.02 




10 


9.2 


19.37 


35.04 


84.17 




20 


7.38 


19.89 


35.08 


34.21 




36 


6.25 


19.61 


36.30 


34.41 




60 


60 


19.59 


36.44 


84.65 




70 


6.2 


19.75 


36.73 


84.88 




100 


6.2 


19.82 


36.86 


34.94 


680 85' N. 












140 8' B. 





11.6 


19.28 


34.88 


34.02 




10 


9.1 


19.31 


34.94 


34.07 




20 


8.08 


19.46 


35.19 


34.81 




30 


7.7 


19.46 


36.19 


34.81 




40 


7.2 


19.72 


36.67 


34.77 




50 


6.66 


19.77 


35.76 


34.86 




70 


5.3 


19.68 


36.60 


34.71 




100 


5.2 


19.70 


35.64 


34.74 




150 


6.0 


19.88 


85.96 


85.06 




200 


6.0 


19.88 


35.96 


35.06 


68P 36' N. 












140 40' E. 





12.9 


18.84 


84.09 


38.87 




10 


10.0 


19.07 


84.60 


38.66 




15 


7.0 


19.31 


34.941 34.07 




20 


6.5 ! 19.42 


85.13 


34.26 




30 


6.15 


19.51 


35.30 


34.41 




60 


5.6 


19.54 


36.85 


34.47 




70 


5.5 


19.64 


85.35 


34.47 




100 


4.7 


19.49 


36.26 


34.38 




120 


4.38 


19.64 


35.35 


34.47 




160 


4.56 


19.68 


85.61 


34.62 




200 


6.J35 


19.66 


36.64 


34.64 


680 40' N. 












140 63'.6 E. 





10.36 


18.80 


33.99 


83.17 




6 


11.06 


18.80 


33.99 


33.17 




18 


7.15 


19.10 


34.56 


38.72 




30 


6.7 


19.31 


34.94 


34.07 




50 


6.0 


19.31 


34.94 


34.07 




76 


43 


19.31 


34.94 


34.07 
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b. Eids-Fiord 19th July. 



Bft 



July 
19 



19 



11 a. m. 



p. m. 



680 36' N. 


m. 


oC. 








140 40' B. 





14.6 119.04 


34.45 


33.61 




10 


10.4 19.29 


34.90 


34.04 




20 


8.15 , 19.44 


35.17 


34.29 




30 


7.2 1 19.47 


35.22 


34.35 




40 


6.6 19.47 


35.22 


34.35 




60 


5.95 19.47 


35.22 


34.35 




70 


5.16 19.42 


35.13 


34.26 




100 


5.0 1 19.47 


36.22 


34.35 


680 40^ N. 












140 53'.5 B. 





15.15 


18.60 


33.66 


32.86 




10 


9.25 


19.13 


34.61 


33.76 




20 


7.7 j 19.25 


3483 


33.97 




30 


7.15 1 19.33 


34.97 


34.11 




50 


6 ; 19.47 


35.22 


34.35 




70 


5.0 119.50 


35.28 


34.40 




80 


4.7 ; 19.47 


35.22 


34.35 




100 


3.9 


19.47 


35.22 


34.35 



c. Section off the Eids-Fiord 24— 25th July. 



B, 



July 




680 52' N. 


m. 


oC. 






1 


24 




130 12'.5 E. 





14.05 


19.48 


35.24 


34.36 








10 


13.8 


19.48 


35.24 


34 36; 








20 


6.7 


19.59 


35.44 


34.551 








30 


6.75 


19.70 


35.64 


34.74 






680 35/ N, 












24 


10 a. m. 


140 8' B. 





13.88 


19.37 


35.04 


34.17 








10 


13.8 


19.37 


35.04 


34.17 








20 


12.35 


19.37 


35.04 


34.171 








25 


9.0 














40 


63 










50 


5.8 


19.47 


35.22 


34.35 






70 


5.1 


19.54 


35.35 


34.47 




^ 


100 


5.9 


19.70 


35.64 


34.74 






150 


6.25 


19.72 


35.65 


34.76 








200 


6.25 


19.86 


35.93 


35.01 
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E2I 25 



lOVa a. m. 



E, I 25 



p. m. 



140 63'.5 B. 





14.65 




10 


10.6 




20 


9.1 




90 


8.0 




40 


7.08 




50 


6.15 




70 


5.35 




100 


4.4 




146 


4.8 




160 


5.05 




200 


5.35 


680 43' N- 






150 6' B. 



10 
20 
30 
40 
60 






80 


4.56 




115 


4.0 



18.83 
19.08 
19.17 
19.30 
19.34 
19.34 
19.41 
19.30 
19.55 
19.64 
19.64 

18.55 
18.98 
18.98 
19.26 
19.26 
19.30 
19.37 
19.41 



34.07 
34.52 
34.68 
34.92 
34.99 
34.99 
35.12 
34.92 
35.37 
35.53 
36.53 

33.57 
34.34 
34.34 
34.86 
34.86 
34.92 
bb.04 
35.12 



33.25 
33 68 
33.83 
34.05 
34.12 
34.12 
34.24 
34.06 
34.48 
34.64 
34.64 

32.77 
33.61 
33.51 
33.99 
33.99 
34.06 
34.17 
34.24 



d. Eids-Fiord 9th — 14th August. 



Eo 



Aug. 
9 



12 



E2I 12 



E8 



14 



680 40' N. 


m. 


oC. 


140 53'.5 E. 





11.4 




10 


11.3 


1 


20 


11.2 


i 


30 


11.2 


1 


40 


6.66 




50 


5.16 




80 


4.8 


680 36' N. i 






140 40' E. 1 





10.75 




10 


10.65 




20 


10.65 


i 


30 


10.75 




40 


10.55 


1 


70 


6.75 


680 40' N. 






140 63.5 E. 





10.9 


1 


10 


10.95 




20 


1085 




30 


10.7 




40 


8.4 




50 


8.0 




70 


6.2 


680 36' N. 






140 40' E. 





10.6 




10 


10.4 



18.70 
18.96 
19.11 
19.22 
19.22 
19-40 
19.45 

18.89 
19.05 
19.16 



33.84 33.031 
34.311 33.47j 
34.68 33.73 



34.77 
34.77 
35.10 
35.19 



38.92 
33.92 
34.23 
34.31 



19.22! 34.77 
19.31134 94 
19.351 35.01 



34.18 33.36 
34 47,33.63 
34.67! 33.81 
33.92 
34.07 



18.241 33.01 
19.04 34.45 
19.12 34.59 
19.22 34.77 



19.28 
19.28 
19.36 



34.88 
34.88 
35.03 



18.961 34.31 
19.07 34.60 



34.14 

32 24 
33.61 
33.76 
33.92 
34.02 
34.02 
34.16 

33.47 
33.66 
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1 


August 1899 




epth from 
tiich sample 
%8 obtained 


^mperatore 
the water 
that depth 


Saline contents 


S 


1 


1 


1 


CI 
per 


Salt 
per 


Salt 
per 


1 




O 


PC 




«>p 


E^^S -Si litre 


litre 


mUle 












m. 


1 
oC. i 








B8 


14 






20 
30 
40 
50 


10.4 19.15 
9.75 1 19.34 
9.6 
9.1 19.40 


34.65 
34.99 

35.10 


33.80 
34.12 

34.23 












70 


8.2 


19.47 


35.22 


34.35 





e Section off the Eids-Fiord 26th~28th August. 



Bf 



E4 26 



fis 



28 



Bi 



28 



V/i p. m. 



9 a. m. 



p. m 



573 p. ra.; 



p. m. 



680 62* N. 


m. 


oC. 




180 i2'.6 B. 





9.15 


19.74 




10 


9.0 


19.84 




20 


8.9 


19.84 




30 


8.65 


19.84 




50 


8.0 


19.91 




70 


7.9 


19.98 




100 


7.2 


19.98 




15(1 


6.8 


19.95 




200 


6.8 


20.05 


680 85' N. 




1 


140 8* E. 





9.02 


19.12 




10 


8.95 


19.16 




20 


8.85 


19.80 




30 


8.6 


19.30 




50 


8.35 1 19.44 




70 


6.8 


19.44 




100 


6.5 


19.58 




150 


6.2 19.72 


680 36' N. 






140 40* B. 





lO.l 18.98 




50 


8.1 19.30 




70 


7.1 


19.34 




100 


5.3 


19.44 




150 


5.9 


19.62 




200 


5.8 


19.80 


680 40' N. 






140 58'.5 E. 





10.22 18.90 




10 


9.7 19.08 


i 


20 


9.5 : 19.16 




30 


8.95 19.16 




50 


8.35 


19.30 




70 


6.7 


19.34 




100 


5.1 


19.48 




150 


5.4 


19.59 




200 


6.45 


19.66 


680 48' N. 








150 G' E. 





10.5 


18.37 




10 


10.5 


18.94 




20 


10.2 ,19.06 




30 


9.4 


19.16 




40 


8.7 


19.28 




50 


8.15 


19.30 




70 


7.08 


19.30 




90 


6.8 


19.30 



36.71 
86.89 
86.89 
35.89 
36.02 
36.14 
36.14 
36.09 
36.27 

34.69 
34.67 
34.92 
34.92 
86.17 
36.17 
35.42 
36.67 

34.84 
34.92 
34.99 
36.17 
36.49 
36.82 

34.20 
34.62 
34.67 
34.67 
34 92 
34.99 
36.24 
36.44 
36.57 

33 24 
34.27 
84.47 
34.67 
34.88 

34 92 
84.92 
34.92 



34.81 
34.98 
34.98 
34.98 
35.10 
35.22 
35.22 
35.17 
36.54 

33.76 
33.81 
34.06 
34.06 
84.29 
34.29 
34.63 
34.77 

33.61 
34.06 
34.12 
34.29 
84.60 
34.91 

33.37 
33.68 
33.81 
33.81 
34.06 
84.12 
84.36 
34.56 
34.67 

32.46 
83.44 
33.63 
33.81 
34.02 
34.06 
34.05 
34.05 
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Remarks on the Plankton Tables. 

All the Samples of Plankton were obtained by means of a net formed of ihc 
finest silk (no. 20), the greater part being taken in a quantitative vertical net, invented 
by Hensen, furnished with C. G. Joh. Petersen's closing mechanism. The tijjal weight 
of these quantitative samples is given, and the total indi\ndual numbers of Calanus 
finmarchicus Guun. 

The diameter of the mouth of the net is 38 cms., but in consequence of the 
closing mechanism, a plate 58 cm. in width lies across the centre. The superficial 
area of the opening is thus about 0.09 square metres 

The weighing of the preserved samples was carried out according to C. G. Joh 
Petersen's method. During this process, the organisms contained 70o/q of alcohol, 
whilst all other extraneous matter was removed so far as possible, by filtering paper, 
Those samples which were rich in diatoms or radiolarians could not, however be ridded 
of the excess of alcohol so well as the others. 

On a systematic investigation of the samples, I have attached great weight to 
those species which prevail in so great quantities that they can be denoted as charac- 
teristic forms. The Diatoms are, however, pretty thoroughly investigated, the Peridiniaceas 
and Protozoa some what less so. In the samples obtained in 1898, I have paid little 
attention to the small forms of the genera Peridinium and GonyatUax, In these 
samples Peridinium ovatum Povchet is partly confounded with LHplopsalis leiUicula Bgh. 

Of Crustaceans and other higher animals, I have only been able to include the 
most common species present, viz., those which play some imponant part in the 
economy of the coastal Plankton. 

In order to describe the frequency I have employed Cleve's marks: 

cc. Denotes an excess (more than •/10th of the entire sample), 
cc. Very common, 
c. Common. 
+. Somewhat numerous, 
r Scarce. 

In respect to the position of the stations, to the salinity and temperature at 
various depths, reference must be made to the Hydrographical Tables. 

The Stations in the fiords aie denoted by capital, letters with numerals attached 
or otherwise, for instance «Ei» refers to the innermost station in Eidsfiord: «E6> the 
outermost tstation beyond the fiord. «0i> the innermost, <08» the outermost station 
in Ofotcn. 
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I. Planf-PW 



Date. May 1896. 



Station. 



N. latitude. 

Lon^tude. 

Depth in metres. 

Temperature ^C. j 

\ of the surface water. 
Salinity «/!•*• \ 

Bacillariales. 

Thalassiosira hyalina (Grun.) Gran. . . . 
Coscinodiscns oculus iridis Ehr 

— radiatus Bhr 

Leptocyiindms danicus CI 

Khizosoienia semispina Hensen 

— obtusa Hensen 

Chsetoceras atlanticum Ci 

— cnophilom Castr 

— decipiens CI 

— teres CI 

— constrictum Gran. ....... 

— debile CI 

— cinctnm Gran 

Thalassiothrix iongissima CI. & Gran. . . 
Achnanthes taeniata Grun 

CHioflagellata. 

Ceratium tripos (Duj.) Nitzsch 

— — V. longipes Bail 

Ceratium fnsus Duj 

— furca Duj 

Peridinium divergens Bhr. s. I .... 

Diplopsalis lenticula Bgh 

EHnophysis acuta Ehr 

Flagellata. 

Phteocystis Pouchetii (Har.) Lagh. . . . 



600 
B. 4 


«.3 
33.02 



cc 
cc 

c 

c 

c 



+ 
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Plate 1. 



Mouf 1S98. 
Salinity : 

I \35^ioorm»re. I 1 SS'm. ZHZl below 34'/^ 
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Plate 2. 
/J' 



-. U U U N . 
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